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L-x Lthough no Book can 
© beſocopious.as where- 
in every Reader may be 


furniſhed* with every 

thing! which he looks 

for, yet there is ſeldome 

any thing like a Book 

which may nor afford the Reader ſome- 
K thing which he lookr not for. The hope 
that I may do ſo, may be taken for the rea- 
ſon why I writ 74. Burt why I writ thx, 
that-is, Analytically, Yaleſins, Lib.-de 
Phileſoph, Sacr. pag. 8. (hall anſwer for 
me. S:qus velit reſolutivun tenere ordi- 
rem, qui diſcentium nature mag is ſe accom | 
| A 3 mudass r 


| the KEAAET. | 
 modat , & petitionibus ininas indiget , quia 
incipit 4 poſiremie de quibus primum on- 
Xian —_ dubitare, Thatis, If any 
one would hold the Reſolutive order, 
which moreaccommodatesits ſelfero the 
| natureof Learners, and lefle needs Peti- 
| tions, becauſe ir begins from the laſt 
| things, of which principally men happen 
rodoubr. | 

The merhod here uſed is the ſame as in 
Maſter Harr:0t in ſome places, that is, in 
ſuch Aquations as arc propoſed in num- 
bers. Andasin Des Cartes in ſome other Þ} | 
places, that is , in ſuch Aquarions asare  ; 
Solid, and not in numbers. Not thatthe 
Book is taken out. of rhem, much leſle that 
it proceeds continually with them , but f 
disjunRtly , as I rhought fir to iarermix F c 
them among other things which are not 
In them. 

I ſhall uſe no arguments xo commend 
the Mathematiques, or prefer them before 
the Dogmatiques, for this is but to write 
in praiſe of Hercules. 

Yet this may be ſaid of them, thatal 

chovgh 


4 . : | 
# # o 


though ſome bodily exerciſes cond 
more to: health , and ſome mental labowrs 
more to wealth , yer nothing affords rhe 
minde more pleeſ#re, or more profis, with 
lefle repentance. 
Andtherefore in adull ſolitude, or va- 
; | cancicof bufinefſe (both which may hap- 
| | peaco Gentlemen)theſe are amiable come 
pany, which yicld a delightfull and inno- 
2 © centexpence of leaſure. 
1 As for that Queſtion (which is fre- 
- & quent) What profit & intheſe hard Studies? 
rÞ itnceds no anſwer, becauſcie imports the 
ignorance or idlenefſe ofthe Asker, or ra- 
ther both, | 
For firſt (and which may be reprehen- 
ſive tomany Writers , that muſt not be. 
called Authors,which of late have broug 
up a faſhion to write in a 24475:nug way) 
he declares his igxoraxce , otherwiſe he 
needs notaske that which he knows. 
Secondly, If ſome Meats were recom- 
mendedto a man, with which he is yet 
unacquainted (otherwiſe they needed not 
recommendation) if he ſhonld firſt aske 
whether 


"1c 


by \ To the Reaaer. 
whether they be good or nor, that is, 

| whether they would pleaſe his palarand 
ſtomach ? rhe Queſtion! is abſurd, for he 
cannor know thar untill he have- raſted 
and digeſted. So the idlenetle of the asker 
may from hence be diicovered, 

Nor is there any profit to be gained by 
any Science , except the Science be tif 
| gaincd by i#duſiry. 
|" Befides, to think others, who being 
ONCce entered herein , ſhould delight ſo 

much in them, as ro "make them a i ſtudy 
all rheic le, it there were no profit in 
chem ; or if it Were ſo, neverthelefle to 
recommend them to others, ſignifies ano- 
ther bad quality or two , which I forbear 
co nanic. 

As for the difliculty of theſe Sciences, 

I muſt confeſſc char the firſt Aſpect of 
them may ſeeme vncouth and horrid 
( Radices doffrins amare ſunt , frudtuas 
t4men dulces) yer there is no reaſon why 
he ſhould be deterred hereby, and not 
| _ rather animated with defire ro-goas far as 
anothcr , or elſc with ſhame to thinke 
there 
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hy 
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[ as 


ake 


ere 


there ſhould be ſo many Books in the | 
world, cafic to others and uſefull , bur ro 
by not underſtood , and therefore uſc- 
lefle, 
In this following Treatiſe, my chiefe 
care hath beento renderit all intelligible 
to every Reader, and I doubr nor bur 
it will prove ſo. to every diligent 
One. | 
The Symbols and CnaraRers herein 
uſed, are ſuch as have bcenlong accepred 
inthe world , withour any innovation Or 
fancie of my own, for although every 
Writer hath equall liberty herein, ro adde 
or alter, as he [ces (or rather thinks) fir, 
yet in my opinion, we ought nor ro do 
his without conſiderable cauſe, or a kinde 
df convenienc? equipollent ro neceſſity : 
or withour donbr , he that increaſerh 
nele, increaſcth his Readers burthen, 
_ if fuch increaſe be necd+ 
clle, 
I Icavethe reſt ro the Reader rocens» 
ure as he findes cauſe, andirisin vain to 
io orherwile ,}- for in theſe demonſtrable 


things - 


Things, the Readers deteFion of any error 
Gof judgement) will be acceptable evento 
himthat writ ic, if he be civilly acquainted 
with it, bur the ſaid Readers detratFion 
| - cannot here hurt any one but the Reader, 


1.6. 


Age 68. line 2,rcad eee=c cc. p. 70.1.20.r. 
 ccee®==729., p.76.1,21.r.34/ 5=4/ 45.p.96.l. 
26.r,Propoſition,p.113 at Section 4.deleExcl.12, 
7. and at Section 5, write Eucl,12,7. pang & p. 
129. in the Diagram the letters x and yare to be 
ſupplicd upon the Diameter « 7;ſe p, 128. 1.19.p. 
I 34.1.16.r, Umbilicws.p.138.1,8.r.fh, g ogh&c. 
p.151.1.1.r.z=132.p.178.1.28.r. for prattiſe. p, 
183.1.1.r.right angles,p.185. the ſame di 2s 
in pa 3.ſhould be uſed, p.187.1.13.r.Circ/e wwe. 
& 1.,14.r.,9 5.p.1 Lao of. p.203.1.1, dele the, 
© p-205.1,17.r.the arch fb. 
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Preface;:". 
is has 35 7 IF ot 

-» Lthough in. generall "the 

Mathematigues \; and &+ 

ſpecially:the Analiriques, 

 arceahier in the beginning 


BP "then' proceeding (for the 
@, hardelt is reſerved;for laſt) 
, the Printiples; (Petitions, 
| and. Definition s|alſo, iſc}- 
. dome meeting any: oppoſi- 

10n,being (for the molt) firſt fight lefidas to all : 
yet I have thoughtfit), for ſothe 'mensſake (who 
xpect it inall Books) to premiſe ſome initiary 
ings {o cafie., and 'fowell known already, as 
-be received. by -eyery, one; /Nevertheleſle, 
att -may- not leeme {FF ifling £0 the already 


| Common- Sentences, - 
+; Gzeatere--Þ 15 


2 Equall to that whic is greater, = 
F Srcarerthearthar which is greater, 


f 


3 Mylkiplex-C 
6 Greater then that which is equall, Ewclid 1.16, 
7 Any thing commune'or equalladded to greatly 4 
er or to leſſe, is greater then it, Exclid 4.17. : 
$ Where the parts are greaterthen the parts, the 1 


? 


{ 
' 


' whole is greater then the whole, 
' 9 Of two things, that which hath greater pro ! 
portion to a third, , 
II. Leſfle, 'S 1 
x The partthen the whole | 'o? 
3 Equall to the lefle. 2 0 o& 


3 rg the lefle. nl 
el ter nor . 

? andfoby 2 way contrary to the former n 
berformed all that's Leſſe. 


| I I 1. Equal things. 
1 That which is commune to two others,is eq 
ro it {cle , as in Emclid I, L an ang 
commune, and in £xclid 1.7.8. 9.10, 

22; a (ide 15 commune, . 
2 Thoſeyehichare equalltorhe famethung. | 
3 Whichare <quall to <quall things. 
4 Which GO tenothing. 
5 Gia whole of equall things, added to ec 
; X.2, s } | 


GThe remain of equall things taken frome 


'F 7 The whole of equall things added to a com: 
'  mune thing, Or contra, Excl.1.6.9.10.13.12, 
$ The zemain of *. let when a commune 
thing 1s. deducted, 
g YVerticall angles. _ 
zo The ReRangles of the Means and Extreams, | 
11 Things which agree among themſelves, Ax.8: 
this latt is proper to Geometry, 
of 12 That which 1s nor -unequall; that is neither 
|  greaternorlefle: thig.is proper to homogene= 
* als; forhererogeneals admit nocomparifon, 
'& t3 The whole toall the parts together. 
8 14 The halves of the whole. 
-x8 15 Whoſe halves are equul], h 
»@ ts Whoſe partsare equallin Number and Mag- 


Whoſe Doubles —"_ 

17 WholcEquimultiplices $i ws 

18 It the parts be ___ © the parts z the whole 
1s 6quia to the'w IC, e f ( 

19 If nothing elſe be equall befides- che thing 
ſuppolcd, that thing 1s equall, 

20 Which havatbe tame proportion to the ſame 


thing, nlp lip vida ol 1 
$2 Thojeto which the fame thing hath che fame 
eflt be.cquallto 


"if { of zquliry} "the firſt be e to the 
$ thad, the fourth 1s s cquall tc to the fixt t. Exchid 
20. 

24 If there be twice 'three 'M nitudes. which 
rr by two and two, _ in the Games pro - 
tion, and the pro ortion be erturbate , 

| firſtbeequallto the third, the fourth'i is etal 
to the fixt, Exclid 5. 21, 


IV. Agreeing things, - 3 


x Are ſuch as are equall, and of the ' ſame kind, 


V, Unequall things, 


x Greater or leſſe, 
2 The whole and the part. 
3 The whole, when a commune thing is addetl t 
- unequall things, 
4 The whole, When an equall thing i Is ndecy 
, unequals, Exclid x, Ax. 4. 
; The Remain, when a commune or cquallthi 
6 is taken from uncquall things, 


4 
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VL Double, | th 

x The double of the halfe. W/ 
2 Two equall things taken cogerher a are dou _ !! 
to one of them, | w; 

3 The double of thatwhich is equall. W 
4 That which is equall to the double, in 


, I the parts be doubleto the res thewk wha 
-> Doble rothe whole, Dh 


0G) 
i} Thes: proportion of like figures to their ſides of 
. like proportion, Exclid 6, 19. 


+ VII. Balfe, 
rf x Is the halfe of that which 3s double. | 
2 That which is equall to one of two qual iS 
the halfe of them together, 
3 The halfe of an equall thing. 
4 That which 1s equall to the halfe. 
5 The proportion of like ſides to the proportion 
of like gures, 


"V IIL A thing | is, 


7 If nothing, elſe which: can be propoſed 1 1s the 
W thing, then this which was pr opaled.ce Or,. 
2 If any thing elle beſides that OY poſed be pur, 
andan impoſſibility follows, == this which 
was ſuppoſed & that Onhich was s ſought. 
>" Tf that which is ſuppoſed be nothing elſe, then 
it 5 what was required, . Or, 
It this which. is ſuppoſed being put for any 
thing elſe, an ey follow , then 1t & 
what was required, 
vl That which neccflarily follows from that which 


5, 


Whach put for not in being, there follows an 
mpoſſivility, 


FX, Something, 


j , 


7 Ie ACICLETTC 


4 | 4 » | 
more, oraf any thing be taken from it, it. is leſs, 
or to which if nothiqg be added, it is the ſame; 

2 To.which if lefle' then nothing be added'ir is 
_ leſſe, age 

3 Ifleſſe then nothing be ſubſtrated , it is more, 

4 Which mufriphyed by ſomgthing 1s mote. © 
5 Which multiplyed by nothing 1s n6thing. 
6 Which multiplyed'by' leffe then nothing, 1s 


* 


lefle then nothing. | 
+6. Orthat which divided by , 
Something, is leſlie, 
Nothing) 15 nothing, 
Leſſe then nothing, is lefle then nothing, 


I 
2 
3 
x. Nothing, - 7 
3 Is that whichadded to, or taken frgm fome 
ching, or leffe then nothing , leaves itthe tam 6 
it was :"atid reps, © how or dividing yomt 
thing produceth nothing , but rakes the thingy | 
quire away, | oe 


X 1, Lefſe then nothin, 


| 
I Is that which added ro ſomething makes jr 1: 
2 Which ſubttrated from jomerhing makes 1 
more, 
3 Which added to lefſe then nothing makes! 
fill le(ſe, * | 
4 Which taken fromI1:fle then nothing makes! 
more, 4 


'& 


5 Which h mokiphred by ſomething gives lefſe 


then norhing. 

& Which multplyed by ſe then nothing , pro- 
ducerh ſomething. 

7 Which divided by ſomething, makes leſſe then 

«| , nothin 

vB ! Which divided by lefle then nothing , makes 
ſomething , 


X I1, Unity, 


x Is that to which if unity be added it is doubled, 
| 2 From which if unity be taken, ic is nothing, 
3 os more then unity be taken,it is [cfle then no» 


Z 
[4 If mt then __ be takengit is leſſerhen unity, 
- - _ then nothung be raken, it 1s more then 


al 6 1s lt which cannot be ot 4m or divided 
| without remaining 
nM Is Ve ifkerence fe the two greater ſides of a 


reQiline reRangle triangle: or may be fo 
reduction of the ſides wy ek _— "1 
| Corel: ad Cap.7 Prob, 3, * 


Propo- 


Propoſitions of Er aor1DE, 
fit to be known-t to the 


"ANALTST. 


In the firft Book" Prip: 6 I 7 #4; rs, 8, I9, 8, | 


2)42,>47>48. Inall11, 
In jecond boogal. b but the eleventh, and laſt, 


L 
in all 12, . 
1 
[ 


vol Prop: 14, 20, 22,37, 32,35 36, in' 


Ir thefik Book, Props: 15,16, 15; 19, 24» 25» 
inalls, p 
In thefixt Book, Prop.” 2,3, 4, 6 L 7% $,1 35. 145 
26, 19, 24; 31, Wall, 
Many more propoſitions out of theſe and the 
remtining Books? \ibhe be! bſcfi 1 But thele' 
| 48 laſt reckoned at&lith as (in my judgement) 
ought chiefly 'to be' read, and remsmbred, for al-'if c. 
Ming toattamand relic AKguations, Fe 
' Now! whereas i444 in the enſuing Chapter, 
that vowels are put for things unknowngor ſought: 
ang conſonants cyer for known things , it is ny 
to be noted that ina Scheme which imployeth : 
elmoſt al! theAlphaber theſe are promiſcuous. of. 


But M abbreviation or demonſtration, where by 
ſoeyer one ing]: l:tter 1s put (or ſuppoſed to be) Þ the 
equal to any line or number , although the ſam? 


Ittters which before defigned the Diagram 


FY 


© breadth the other of the length, 


againe uſed hereingyet in a different acception; 
For whereas in theDuagram they ſignified points, 
now they ſtand for lines orthings ; And -ever- 
more. the conſonants fignifie things given or 
known before; and the yowels ond, all pre-, 
ſent) are ſuppoſed equal to things which are nor 
yet. known, but about to be found, _ | 
Onely the yowel o is feldome uſed in this ſenſe, 
becanſe it 15 uſurped 1n another, that'is to fignifie | 
nothitgg. As 4 — 6 ==0,, ſignifies that « want 6 
1s equal to nothing *.or that #15 equal ro b where 
the-yowel-o lands for a cipher, that is'nothing. 
On the other fide the Greek voyal y'is ufually 


put for any unknown quantity. 


$ ® 
p35 Definitions, 1992 


Definition F, _ .. 

The unknown Quahtity 6f any zquation is 
called *penerally Potefas;ora Power, Quantity, 
orTerme., +-% bo! 

Definition ' & Ng 
A- Refi ay 1s 111numbers the, Prodwtt of two 
numbers multiplying one another, : 
- In fzeometty 1t 15 the Area, ſpace, or content 
ofa right angled quadrangular figure, made allo 
bymultiplication of two lines, Which aic- called 
the ſides; -of which one is the meaſure of the 


”.© q } 
"# 


ot: * 
£ 
JEN MELO; 


$4 Definition IT I. 
A Ref? 
a Re | 
And if that line or number and the length and 
breadth of the ReRangle be ſeyerally equal it is a 
Cube, or Die, 
Definition IV. 
A. Prifme 1s a Solid contained within five ſu- 

| perficies of which three are Quadrangular, and 

the other twobeing oppoſite, are tri r: Or 


11s like the top/of an ordinary Engliſh houſe cur - 


_— a Plane paſſing through or parallel to the 
_"_ 

The reft of this kinde I ſhall not define here 
but referre the Reader to Exclid, 


The names of the Poteſtates 


or Powers. 


7 The firſt- Power 1s calleda Side, or Root: 
The later word Root is moſt ' uſed here; and it 1s 
ſignified thus, 4. 

2 Thefecond Power is-called a Square, and 
4s thus written, 4 4. | 

> The third is called a Cube,and is thus write 
{en, 4 44, or ſametimes for breyity, s ? 

4 The fourth, a Biguadyat or {quared ſquare, 
ancientlya Zexzsi zenzichfigured thus 343 now 
thus, 4 & 44, or for breyity, #7, The 

> P 


ledP aralleltpipeden is the produ@t of 
e multiplied by a right line ornumber: 


5 The fift Power is called a Sarfolid, and 1s 
wrizen'tlyus, 4 4 44 4; or briefly thus a*, 

6' The fixt, a {quaxed Cube, or zenzicube, 
waitten thus, 444 4a440rat ' 

7 The-ſeventh , a fecond Swrſo/id, and is 
writelid 444 42 4, 9r more ſhort a7, 

$ The eight ls calleda ſquared ſquare ſquared, 
or 275i 212; 2.08%5 aenzick, and is written 
4444 44 #4; orthus 4",&c. 


Conſettary # +..." 
Hence it is manifeſt that thefe powers Jninters 


rupted, are 4n continuall proportion, the propor- 
t10n of them being as 4tv unity; orthe converſe. 


Conſetlary I I, 


- Itjs alſo here plaine, that every Power hath 
ſo many dimenſions, as the letters, with which it 
is written, For a* being written with foure ler- 
ters, if oneletter ſtand for one dimenſion, that 
5 length orbreadth, the other three ariſe by thres 
leveral Mulriphcations, and every Multip cation, 
addes a.dimenfion, m this ſenſe, 7 
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Tnthe former Table, the Digits at the top 2, 3, 

,&c, Shew the Columnes of the ſee: nd, thud, 
POR 86: Powers.” =P "ſs 

TheDisgits, at the left: fide, ſhew the ſeyerall 
Roots or firſt Powers, and their proportion te 
Unity, All the reſt is evident, 

And now becauſe towards the end of this litle 
Treatiſe, I ſhall happen to ſpeak once ortwice cf 
Arithmetical Calculation;The Reader may here- 
by underſtsnd, that fich Calculations are uſually 
# (and molt cafily) performed by numbers aſſumed 
2. in Arithmetical proportion, called Logarithmes; 
$ of which Tintend to ſay nothing, ſuppoſing any 
Reader converſant about fuch things wherein I 
$ _ them, cannot be ignorant of them and their 

c 

Such as be, ſhould read that firſt , of which 
they need no better (nor other) inſtructions then 
ſuch as they may haye in Mr, Norwoods doctrine 
of Triangles; which is a Book not yery deare. 

Bur' to ſuch as haye not that, theſe folloy- 
ing direQions may be of ſomeuſe, - 

x In eyery Spherical triangle which hath one 
8 right angle, or one ſide a Quadrant, all the other 

g five parts(for every triangle hath fix 1n.all, that is 
three ſides, arid three angles) are called Circular 
Parts, | 5. | | 

2 Oftheſe Circular parts, if i” twgbe oven, 
F the reſt, that is, any one'of the reft,may be tound 
' [ca one operation, 

Roar (i fy 


"For 


©. -- 


©  _ 2 Forthoſe two arceither adjacetitz or remote, 
br oppoſite : if adjacent,8 the part requiredhe alſo 
adjacent (or touching) to one or either of them, || 
then that one ſo touched on the one fide by a part 
giyen, and on the other fide by a part requited, 
may fitly be called | 
The Middle Part 
And it is a demonſtrated truth, that; 
As the tangent of the. known part adjacent, 
isto the right ſine of the nuddle part; 
So is the Radius or Semidiameter, 
tothe tangent of the unknown, or required 
part; being alſo adjacent to the middle part, 
as before, | >. 
And therefore, if inſtead ofthe naturall fines 
and tangents, the Logarithmes be uled;they being 
in Arithmeticall proportion, the ſumme of the 
two middle termes 15s cqual to the ſumme of the 
two extreames; And lo here, the fine. of the mid- 


dle 7 aha Radius is equal to the tangent of the 
of the adjacent pert known plus the tangent of rhe 
part required, | 


I hope the word plis needs no interpretation, 

Nioxe 1, Tris notwithſtanding to be cyer xe- 
membred that eyery of the five circular parts mw 
be conſidered - _—_— that 15 ARE, EN 
con to [0 e,or rant; 1710 
then l before a gl. — 
But if not ſo,that is,if ſome orher part lie berwiyt 
them, then all that hath been ſazdl of the® liges aud 


02.0 & 


ents, which were then ſuppoſed contieuo 
= be performed by the rs le ma 
- tangents ofthe complements of ſuch of the parts 
reſpeRively as are remote from the right angle ar 
p quadrant, ; 

4 If now the two parts given be remiote, and 
the part required lie berwixt them, then make the 
part required the middle part, and it may be found 
as cafily as in the former caſe, 

5 If the two known parts be contiguous , and 
the part required adjacent to neither of them, bur 
ed oppoſite to one of them, then (working (1 
t; | Logarithmes) make the part required the middle 
| and'then the fine of the middle part plus 
£9 & Radius, is equal to the fines complements of the 
ng | oppoſite parts given, iftherefore frown thoſe rwo 
ne ff fines complements-added , be taken Radius, the 
be reſt istheſine ofthe thing required. 
id- Note 2. It is further to be nored that the fines 
he complements of thoſe parts which by the former 
thief note are accompted complements, are the fines ob 
the things themlclyes, 


"Example. 


In the triangle & p 5 let pbe the Pole, 5 the Sur. 
and & the Zenith z-p1s, rhe hour from noon 1m 
Winter, er the hour from Midmght in Summer; 
p*5, the Azimuth from the North; and « 5p, 
the agle of poſition; and 5 z-be go Deg, as a , 


er 8 }_ WW La 


Then firlt, fine = plus Radius, is equal to tan» 
gent Co lement z pplus tang 

Secondly, ſine compl. p So Redins; is quid 
ro tang. compl, pz pls tang, compl, ps. per 
Not. 1. 

Laftly, (by the 5 direRion ) fine compl, s 
plus Radius 15 equal to the fineof pz, plus the 
line complement of z; becaule p z 1s RCCORIPURR 
a compl, and = not 10. Nate 1, 

And if inftead of a quadrant ( as z 5} ther 
were a right angle; at p, or at.z,0r at 5, the aforc- 
going directions ſerve, 

If there be neither right angle nar quadrantthere 

mult be two operations to do this, havang firk 
ſuppoted a circle to 4 wy from one of the ng 
to cut the = fi © (produced when need 1s) 
at right an 

This hore, circle ſhall tall ſometimes 
within the triangle, ſometimes without, - 

Within,when the other angles are both obwule 
Or. both acute, as at the hours berween-fix ang 
noon are the angles at p: ands, 


ar "4 


= 2, 


In lerting fall the perpendidular,Mr, Nerwodl 


Jadvice isto doir. |, 
1 From the end of a fr or, giuen, bein adjacent 
fo oy ole even,/er it fall oppoſite to that angle, 
And coated in ſome part the ſide required. 
ry And wy, if is may be)to the anglerequi- 


2 of the moſt difficul caſes in oblique ans + 
fled ſphericall ke is this. 


In the wriangle p & 5. Ler there be piver 
comp. Eleyation' pz == 38.28” 

S. comp, Declinati, þ5=66.29" 

| comp, Azimuth pz. e= 90. 0 

ls  Tofind the.co mplement. of the Suns Altirizde 


$ 
\ 25=75.45 enle ed 5& andfrom 
s) ker fall p e, perpendi _ then, _ 


; 


. 4 _ 


| Firſt, making pe (the middle 
part) $.c., pe. plus Radius 


© 195340817 


* From which taking the tangent of 2 GE / 

| theElevation, tC.& p © \ 109999135 
: h ;, OT 
Remains tang.ofs e2=15.12/t, x e- 943433812 ff c 
Secondly, to ſine compl. & e 99845 347 I 


Adde tine of Declination, s.c, ps  g600ggot 


The ſurame of them 1s I958 55248 
From which taking fine Eleya. s.c.pz 98937412 


Remains(the ſine of 29. 27')s.c.60. 3396917696 
To whoſe comple. 60, 33 addingze=15, 12, 

the ſums 75. 45 the thing required, C 
Whereas, if the Azimuth it ſelfe p z 5 were 706d, 
then z e being taken from 60, 33', the ret 45.31 
1s the Suns Altitude, 


A oy" _ ———_— mor 
> QBAF..L It 
ſn arplaneies of the Charafters and Symboli F 


uſed is this Work, | tat 
of 


 'ogalrft, One ſingle letter ofthe Alphabet is uf 
Fuy put for any quantity whatſeeyer , as wel 
| Line as Nuniber , whether known or un 


| known. , 06 
But forthe moſt part, where any quantity is 


i ſought; there@ or ſome = Vowel is put for i it 
| the other Quantities known, arc bgnified by 
C onſonants.” 


Theſe letters are mulciplyed one into another 


b them together without any pricke'vr 
UE bans not doth it import 22S Which | 


38 firſt or Aſt Writtefi 5 "for hedjba PET | 


are all one; 


So 4 multix wi. ful produceth ##.  \ :. © 
Ad nag 6, produteth a b, 


Anda ee hed, bye. ; produceth a b, c 
The like of all others whatſocyer, except Fra- 


f EE 
Riooal quantities; as, Kit... 4 n _— | 


Ihe Giſt of theſe were to iglycd by d 


oh 
it isdone by taking away the 4 under t be. Jug 
Wea the produQt is 4 iz 


f the ſecond ak to hL iplyed by 6c, 
it 15 done b y the Denominator 
hc , and _ be—fhi+rc 
For all Fraftions ire” Ih Plaine as in Figu= 


ate Arithmetick;are nothitig elſe but —_ 
fu of one —_— vided by.angther; xdare x 


cell} fPlicd again by aig apy the Divilop a 


line of Separation, 

Diyifien is done in Figurative Arithmetiques 
Holt commonly by applying ſome line of ſepa- 
rayon berween the Dividend and the Diviſor. 


hl >» hmm 


we 
=- 


f "£77 SR 
Soi 4 divided by. 6, And=—— fignifies 
that 4 b c isdivided by f, x 
But'yet if the letter f had been found in the 
Dividend, the application of this line had not 
been neceſſary, for it, mighthave been better done 

| by taking away thatletter out of the Dividend, 

So « f c dividedby f_quotient'is 4: c 
and ffc & divided by f c quotient is fe 
« bas f f quotientise ec 
by e c quotient is ff 
by f f c quotient is & | 
by fcc quotient is f c 
by f quorientisf c c | 
© Quotient 1s 


RX OI PE. Bo » jf © th 
And the like may eafily be underttood of al 


ae reſt; 


r 


Majority 
Manority 


Pro rtionality continued # "00-908 
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So b Sc ſignifies & greater then & 
hep *© [1 elle then C_ 
 b =7+++.++*5 cquall to c 
þ 4c + +++ +500 added to b 
e þ — c*+*+++o0 6 taken from b 
t + 72 ſignifies the ſquare root of 72,&e, 
th And6” c” d” f”” fignifieth that 
asbis toc, ſoisc toad, and TT, ; 
Likewiſe 6” c” f*9' g” figryfies that 
as bisto c, ſous f to g. be 
Theſe _ before expreſled are almoſt gene» 
rally received : and uſed not 'only for brevity in 
writing, but perſpicuity in prqving , as will be 
ſeen heresfcer, | 
Note that whereſoever — is not expreſled, 
il there + is underſtood,though it be not expreſled. 
Alſo in Trigonometrie, I uſe, s. pz 5, for the 
fine ofan angle pz 5,ands.c. x p for the fine of the 
complement of a fide pz. to go. Alſo,t. z pand t.c. 
5 þ5 for tangent of z, pand tangent of the com- 
plement of 5 p z, &c, Alſo for Radws Iuſe r. 

If the figne of Addition, namsly -Þ ſtand be». 
fore any quantity, it ſhewes that quantity, to be, 
more than nothing; that is ſomething. | 

But if the (igne of Subſtraiongto wit — and 
before any quantity; it ſhews that quantity to be 
lefle chan nothing: or a want of the ſaid quantity. 

Soe -Þ 4» ſignifies four of any thing: but — 4, 

"JP Ognifics a want of four,or we elſe than nothing... 


_—— _- 


In AD 5d rTr O NC 
The addition of-a want of any IP is all 
one with the ſubtraRtion..of the. lame thing, 


So if to + 12 youadde — 5 it makes 4-7 
Andifto-þ 12 you adde — 16 it makes — 4 
+ Butifro 4+12 you LS fg it makes Teal 2b 


The btraRion of —is all one with ad: | 


ding + -. 
5 if from + I2 youſubrrBt. — 5 remain. it 


oF ; from 4-12 you ſubtrat —-16 remain 
28, 

akon of Sto - and Subtra&tion of +» 
from — is all ne with Common Addition and 
Subrra&tion, And enerally for bogh. 

In Addition, the quantities together = 
the ſame ſipne« .. 

In Subtrallios , adde them allo, bur allth 
 ignes of chat which is to be ſubtraCed from th ll 
other, mult be changed. 


; Example. 
Ifto 6 — 2+ 3, beadded 5-1 —} 


the ſumjs-þ- 6 — 2. + eh 0 

Burt if ; + On) wy Tl 
+ 5-+1— 3, the remain is +6— +l 
—5 —IF3=4 This Rule i grnetal, 


I MOETIPLICATION. 
+ multiplied by ever produceth 
+ ankles by — ever 52a "LM 
'. — naſtiphed by — ever produc;th —+ 
More Varieties there are not, | 


2 The quantities that are. accompanied with 
thele ſignes of 4- & — (in both Multiplye:s bes 
_——_ one under another, 'a$ in cotmon mul- 
tiphcatton)) muſt be multiplyed every one below 
into very one aboye, andthen this work is done. 

So if, + b b + & — c, be multiplied by + f 

-- F place them thus, 

- 

Saying, + f nukiplyed into + bb gives + bbf 

hy finto+ b gives ies f 


And pf 1nto — Cc gives —f e 
And —-- g into + b 21ves, —bh $ 
| And — g into -+ 6 gives — + g 
of {altly, — g into — © gives TE 
Þ Which added STEP 
worker is, © #9f—dx+{0—fe—t2-02 
| | Which is the true produR, 
10 In DIVISION. 


«| 


L $ lfthe line of ſeparation doe nor ſerve the rurne 
uf that is, if any deſire, (and ir-may be done) other- 


AE. 


wiſe, it muſt then be by ſeeking whar ty: 
may be multiplied by the Divitor to produce the 
mere 64-4 bfr— x 

So 1 Cn —_ wm CÞ 
were to be divided by, 6 + c 2 hf nal {6 
, made what mixt quanti mutiplying b + c—f 

will produce kb: 4+ be —bf —byg — cx 

[Ls ich there 1s this of Compendium, that 
ſeeing the Dividend conſiſts of fix members, and 
the Duviſor of three, the quotient muſt be of rwe; 
. that isa Binomial only. = 
And becauſe the quantity g is found in the Di-ſ + 
yidend, and not in the Divitor, it mult be in the 
quotient. of 

In ſaid mo henſing muſt be one of 
theſe, bb+g,6b —g,org — b. | | 

IRS: be the faſt r |, into — f would 
have produced — fg : bur in He Dividend its 
op f x, therefore it muſt be =p, 
* By. the famereaſon'it cannot be the laſt, 4 
alſo ana — 6, into + & produceth — 6 
but it is + 6 6, in the Dividend, | 
"* The quotient ſoughr, mult therefore be þ — 

Some further-Rule for ſaying labour herez 
might be given:but eyery one likes that beſt whid 
be finds out humſelf,Nor is it my purpoſe to wrl 
a Book of Algebra ; but to premiſe fo much of the 
Rudiments thereof, as the Reader may fiand 1 
weed of in peruſing the following Treatiſe, # 


£08 RR EX mp Rp. 


Wherein becauſe Diviſion is ſeldome needed; 
If Thave a litle exceeded was %"P ſhall a litle 
more an treating (but yery briefly) of reſolving 
ſome few Rooted Aquations, I foal aske the 
Readers pardon for both together, | 


CHAP. 11. 
Of e/Equations, 


N:Zquation is when one or more ſpecial 
A quantities, are equal to one or more other 
ipeciall quantities, and written with the 
hgne of equality betwixt them; As 4 4=þ6. 
offi This' is called a ſimple Square Equation, 
"© And 44, being a known ſquare , the ſquare root 
1 thercofbeing extrated,is equal to a, And that is 
bl fe thing required, 
But, aa +b a =& c,and a4 — ba= ddand 
off ally — 2a +6 a= f; are all of them of thax 
4 kind, whichare called mixed zquations, becauſe 
«(the thing required) is mulciphied not only into 
K = but into another known quantity, namely 
into 9, 
il And note that this known{quantity in all mix- 
ir <4 2quations is called the Coefficient. 
 - Note alſo that the three ſorts of mixed zquati- 
nfl 918 above expreſſed are all that can happen in 


by guagrariques : And by ſomc one of theſe,all Pro- 


blemes whatfoeyer tranſcending plime Diviſic q 
-and not reaching Solids, are tobe reſolved by 
- nding the Root aaccording! to theſe Old Rwles, 


| In the Firſt, 44 4-ba=rce;- 
Unto the quantity eiven namely cc Cadde th 


b 
Suare of half the C eff crent,it wakes + + Fi 


"Vhich ifitbe inlines, may be reduced into or 
1.276, and from the ſide of that Square X rake 
; ©;be Coefficient, and the remainer ſhall 6 e 4 
wes ich wasthe thing deſired, -- , ++ A 


In the ſecond, aa — -ba=dd.. 
'E a SS 
-:5 Ad adde — as in the Golan and 
4 
fir :.--e0t being always in numbers a Squa 
OG: -+5:};:2ZEO 7 be *<duced to a Square as Si 
T -:2-..v K90t or fide of that Square, adde haiſt 


tt: -- ficient, the Summe thereof ſhall be #, q 
the Root of the Xquation ſought for. 


Ts the laft, —aatba=f f.. 


* From tha fauare of half the Coefficient, wh 
bb 
&.— take the _ £ven, that 13 F' fi thr 


2 bb | 2 
yill remain — — ff, which pe put neo 


one Carey the fide ms InoWhe If th 


A A © a Þ wi, ua 4. 


m— A 2219. 


fide bo dither added to balfe the Coefficient; by 
ſubtrafted therefrom, either the ſumme of that 
addition , or the remain of the ſubtration, is 
gquall to 4, . | - 

' Forall Quadratiquie' Equations of this kinde 
(where 4 4 the greateſt unknown power is want- 
ing) have two Roots, which being bothtogether 
ever equall to the Coefficient, if upon the Coef- 
ficient, as 2 Diameter, a Semucyrcle be deſcribed, 
and the fide of ff (the quantity given) be appli- 
ed therein, perpendicular to the Diameter 6, the 

rwoſegments of & are the two Roots ſought, 


. 
” s - 


Borin Se Een i- 
ON — 44 4a = [ | 
It.1s bythe 14, ofthe | 
Sth, of Exclid,'as fol-. 
loweth, -_. TAY 
Wes av ee ne ht ; A'S fu". 
Whetefore either Segment may be 4, and the 6+ 
ther will be 6 — 2, andf a mean betwixtthem, 
| Likewiſe in the | 
C0 two former Kqua- 
1} fions , 'the worke 
cre may be effeed 
£39 rarer & bs \ 

proved alfo by this '7Z dhe; 
* preſent Scheme, if = 
#} © InFhich, as the figure intimates, the Perpen- 


ad 
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— _ = — gs _ 
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dicular repreſents the fide of c c in the firſt # 


euarjon,and the fide of d 4 inthe ſecond, 


Draw a line 6 g from the center 6 tothe top 
of the perpendicular, the center 6 being firſt ta- 
ken m the middle of the line 6, to wat, of th 
Coefficient, for ſo it is uſually called, q 


And firſt, let the pricked line be parfor | 
| 


Therctore, by the before recited Propoſition, 

It is,9a+6b" 6" & a", Encl.6.14. 
And if (as the Rule preſcribeth) to the ſquare 
halfe & you adde rhe ſquare of c, the rotall ſhall 
be the ſquare of the line þ g : By the 47h, of ti 
firſt of Exclide, 

If therefore from the line 6 g, or (which1 
all one) &f, you takethe line þ r, which1s hal 
the Coefficient 6 (for the whole Coefhcient 6 
is the ſame with 5 r) the reſt, namely the prick: 


ed line rf , ſhallbe equall to «, For, 


7T —_=aRS=A, 


* 


In like fort concerning the ſecond Equation} oe 


. 4k —ba= dad: wn rs, the Rule, you 
-Radde the ſquares dd, and — together,it gives 


i. 4. 
the ſquare of the line 6 g, to the Root of which, 
{to wit; þ g, if you adde halfe the Coefficient, to 
wit, 6r, or 6 5, the ſum ſhall be fs or » 7, either 
Requall to a, And then, as 7, that is a, 13to d, 
Bſoisdtorf, or 4 —b,as it ought tobe. _ 
I inrend anon to write ſomething of Extra- 
Bf Qi0% of Ryots, according to the generall Method 
all of reſolving all manner of Aquations of Powers, 
how high or compoſed ſoeyer. 1 do not mean to 
exemplifie them any further then the Cxbique 
4 order, There are Authors enough , whom boy 
M that defire the full of that- Artifice , ay at their 
' own leaſure in Books confult. OY 
| Fwy now ures ſhall woo make _ 
Y afe of Aquations, though not highet then'Cu- 
of biques, or at the moſt the Biquadratique order 2 
ul I think fit to admonith the Reader, that in put- 
ting 4 alwayes for the thing ſought, and work- 
ing cherewithyas if it were known, quitethrough 
as the queſtion requires, he ſhall at laſt come cs 
an Equation, but.1t may be ſuch a one as wants 
reducipg : of which a hittle, 


REDUCTION 


8 Of Equations is done by adding all thar's nes 
Sf Eflary,or ſubtraRting all chat's ang” © = 


both ſides thefigne of xquality : Or by ſubtra&= 
ing contradiRtories if they happen on one and | 
the ſame fideg untill the 7" er purged of all 3 
unneceflary members, remain with all that's ab- 
ſolutely known on one fide, cquall to (as little as 
may be) all that's unknown on the other fide, 


One example of this ſhall ſerve as followerh r' 5 
Inthe Equation _ | 

aa —b ab+dobba=gg+6 a—dc. C 

To reduce this, you muſt remember whaz hath] of | 

| bcenfſaid before ; that the taking away a' Ham they 

- of anything, isall one with the. addition of that I quic 


& 


thing, 'NEq 


Therefore ſeeing there is on the firft fide 4 
Want of b a expreſſed by — ba , if you take 
away that — 6 4, you thereby adde 6 # on that YThe! 
fide. - | | _ 

Wherefore that it may ſtill be an &quationy ther 
you mult adde 6 a on the other fide alſo, , } 

Then it will be, 


444-dc4ba=gg+2ba—de [ihe 

Again, ſubtract 6 on each fide, then it is, R 1] 
aaj-de=gghrbamde *Þþ. 

Once more, ſubtra&t b a on each fide, that 

you may bring 1t x9 tharfide where a 4 ſtands, 

: Then It 18, C TE 

fn—baedecmmggo-dc,, Wi Ml | 


% 


<C 
> / 

oo S, 
Tf | 4 


Laſtly: (thac the Conſonants, or known thi 
| nay come all on one (ide) ſubtraQtd c 0n in | 
pe Then jr will be, 
ana bamyg—rdec. 
8 Take the ReQangle 2 4c out of the Square. 
| ggandlcr ery dh namely ff, - 
: > | Then Ta 1s reduced, . | 
aa—ba=ff. | 

. Having gone a kttle about, only for excciſe. 
h of them that are quite. unskilfull herein, now 
* they ſhall ſee chis ReduJion might haye been 
at E quickly done another way, that is, ſecing inthe 
ED Equation , 
A aa—baddcÞba=gg+ba—dc 


ut [There are inthe firſt part ContradiRoriesto wit, 
«ba and d-b a, they (deſtroyins-. one ano- 
oz ther) might be taken away both at once, 
v. þ | Soit will be, 
S.  $4pdr=ggtba—drt. 
Jiben if you ſubtract dc and & @ on both ſides, 
_ [willbe requeed to 


5 

NO a4 —=ba=gg —24c, 
Pt was before, And g gy — 2 dc being put in- 
ay pone Square ff, the | Rea a 


y ; - be reſolyed as the #quation g4—b 4=dd 


Was - 


was 4 by the ſecond Rule for plain Zquations;, 
a little before expretled. 7 

And as here the Reduction was made by Ad- 
dition and Subtraftion only, ſo ſometimes ir is 
made by Multiplication; ſometimes by Diviſion; 
Ii both or cither of which, this is generall * that 
What ſoever 1s done to any one Member, Tnuſt be 
done to every Member quite through the /Equa- 


£108, 


| CHAP, 111: 
Of the re ſolution of Equations, according 
4 10 the general Method com ſed ” 
| h MM; . The.Harriot, 


Lthough (baving before ſhewed Rules for 
A all ſorts of mixed ſquares) it may feeme 

prepolterouſly done hereafter to ſpeaks of 
Simple Squares ; yet foraſmuch as I pretend not 
much to Method or Order, and becaulc the gene 
rall Method of Mr. Harriot begins with Squares]. 
I will do ſoy but only with one Example, That 6 
Ler there bean Aquation of « a== f f. ' 
Or let it be exhibited in numbers, 44 = 6916jI 2; 

Furſt ; take notice that all Squares whethg 

{imple or mixed in Numbers, are to be markel uf 


o 
+ 


with points, the firſt alwayes over the place 
Unity or unities, and {6 ſuccelliyely every But 
© or ſecond figure, oils, ; 


| B 
2 


4 


ar". 


Cubes with every ternary figure, 
Biquadrariques with every quarernary 
Surſolids; every quinquenary;and fo Rind, 


This ſquare number ſo pointed is 6 gi6; 9 


In which becauſe there are three points, there are 
three figures in the Root. 

$o that « beiniga ſingle letter cannot fitly re- 
_ that Root ; but ſome trinomiall , aS1S 

+ 4 ſhould be put equall to 4, and the 

ſquare thereof ſhould be equallto 4 a; of 69169. 

Bat becanſe it may be'dode alwell by addin 
the Gnomons ; that 1s repetition of 2 {eco 
working; (as they are commonly called) fo oftere 
as the points are more then twoz, a binomiall will 


ſerye (with lefle trouble) ro do the ſame, 


Let that Binomiall be 6b +-c. 
And put 6#-+c=a, 


Their Squares ſhall be thereforc equall. | 
That is, 66+ 2bc4cc=aa. 
That is, b b-+ 2b-þ cc= 69169. 

The Reſolution. 


homogeneall number given _ 69169 


41 uſt ſingle Root 5 =2 and bb 4.0000 


Remains of the Number given 29169 
oof | « | | ” D 


|.» 
_— 


;co00 being ſubtracted from 
dergiven 69169, then there 


Re- 


034 


Remains ofthe Number givyen, 
Root decuplate 6&= 26 
Diyiſor 2,6 40.00 
The ſecond fingle root c=6 


2.6c 240.00 
ec 36,00 


I 


” 276.00 


Wi. 


Subtrat ot: 
Remains of the Number given 
The Roet increaſed 6=26 


Root increaſed 


and decuplate@ *= 260 , 
Diviſor is 2b6—=520 
The thud fingle Root & = 3 
2 bc > 1560 
cc | ©00g 


LC NNCNY 


Tocall 1569 


* Subtract 


Remains of the Number given 


The Root increaſed 263, 1s therefore the truth 
Roar, as may be proved by recompolition, ot N 
mulciglying 263 by 263, forthe Product will be.**) 
691 69, Which was the number given, - - 3 


| (35) 
I The Ciphers which areput after iti the Divi- 
fors and SubtraQts, are only to fill up the num- 
{ber of places, by which the number given , or ra- 
her the remaining Points would elte exceed. 
For the like pr 15 uſed the decuplation of the 
Roots, as only to ſupply a place untill another fi- 
wre ſucceed in place of the Cipher, 

And in nothing elle doth this work differ from 
\ſhe ordinary ExtraQtion of the Square Root, 
Fommunly raught and known, 
off The reaſon of ir depends'upon the 4th, Prop. 
"SÞftht ſecond Book of *£xclide , where it is de- 
nonſtrated , that If a right line be. divided by 
hare into two parts, the Square made of the 

hole, t5 equall re the Squares of the parts, and 

othe Ret angle made of the parts twice. 


So it ts here as followeth, 


[he Square ofthe greater part c 
that 15, of 260 | ad 
he Square of the lefler part, 

569 Ss, of 3. 

oo! Rectangle of the parts, , __ 

15, 260 1nNto 3 tWICE, C 


&c=0 0009 


O1560 


PO I IO 


| ——_— —— 


 WEBhuall ro the whole Square, 69169 


1, C 


f{ be. Nor do theſe letters repreſent ſo naturally the. 
". ings themſelves in a divided Swperficies only, 
rigf&35 properly and clearly the parts of Solid Bo- 


(36) 
dies, of which, two or three Examples for fatiſ* 
tation. 

In which I admonith the Reader, to be unrent 
ro the ſeyerall pointings of the quantities accords} 
ine to their due order, as is before expreſſed, ans 
a to the placing of the Divifors. and Subltracte * 


by Ciphers, as before alſo is intimated: for: 
to the Ingenious is enough, & a long verbofity 19 
others wall ſcarce be ſo, 


Of Cubicall AXquations.” | - 


Let there be a Cube aas=fff ; 
Or propoſed-in Numbers #4 4 14173192 
Put(as before) b+c=a Þ 1 


Then their Cubes alſo ſhall be equall. 
That 1s bbb--3bbed- 3bec 4» cce = 4178191) 
The Reſolution. 
The Homogeneall Number given 41 78 192 
The firit fingl: Cubique Root b == 3 


And bb b = 37,0000c0 
Subtract 2.7 .0000i 


* 
I 


Remains of the Number given 1478198 b 


| : Ref Root? 


| | decuplated Fain 


3.6b 2700,008 
| 3.6 ©090.000 
Dinifor 2790,000 


_—_ lingle Root C=4 
3.bbc 10800,000 
3.bcc 0©1440.000 

EE ©0064.000 


| ; I2 304,000 | 
| Subltrat | 12304.000 
| ins of the Number given 02477923 
92 om EE increaſed b5= 34 Oe 
"| Root increaſed 2  — 
decuplate 5 LY 
97 | 3.6 b 346800 


23.6 001020 


Diviſor 24 78 30 
as The third ſingle Root c = 54 
47 

2+ 995 22427600 

3.8cc 0049980. 

EC 07 GOOG 343 

2477923 
/Subera 2477923 
Rem Lins afiy © of = mer givey. ©00 


Thich is the true Root of the Cut 4193192 
as rhay be proved by recompoſition, that 'is, | 
Multiplying 347 by 347, and the Produd agay 
by 347, the lalt Product ſhall be equall to tt 
Cube which was given to be reſolved, 


And as aboye1n the Square the Canon of the 


Reſolutions was the letrers 66 4-2 b e + c7, 


being the true Square of 6 | c, And thofe let- 
ters did anſwer exaRtly to the parts of the 
divided alike'in both the Dimenſions: So here 
alſo the Canon of Reſolution, or the letters 
bbb4+-3bbeq3bsc+cec, do exalth 
anſwer tothe Parrs or Members of a Cube, divj- 
d into two parts, alike in all the three Dimen- 

ons, a$auy one may prove upana Cube made 
of ſome {lender matter, and cut through all three 
" ayes, tor he ſhall finde the whole Cube (ſup- 
poſed equal to 41781923 as before) juſtly = 
up of the two Cubcs of the two ſegments, that is, 
bbband c cc, and three Parallelepiped 
whoſe length and breadth are equall to 6, and 
their thickneſle to c,, thoſe three are the 3 bbc, 
And laſtly, three other Parallelepipedons, whoſe 
lengrh and breadth are equal to c,and their thick- 
nefletoh, ſuchare the 36be c, 


See the following Schematiſme. 


1 


——_— wo => 


© we . = vv ta: tft = myo Xa 


eV. 


The Cube l of the great | Segment FEEeRs 
© which1s 340, 655 y [ 39304000 


The. three greater Parallelepipe- 
* dons, 3#6c | 


e * 24276c0 


c<| The three lefler Parallelepi edons 
We, s'm0r bee | FP © . + + 46980 


ere The Cube of the lefler Segment 
er} which1s 7, ccc T ' 2 20 208 


—— 


The whole Cube given 4178 1923 


Yi 
T- 
Note, That the greater Segment is the - 
a of all the ſingle | oem Ju the 7 ——cl 
| valued by a Cipher, as here it is 340, but the 
. : er ſegment 1s he laſt fingle Root only, ay 
ere 7, 
wy I haye done this to let the Reader ſee , that he 
? may be fure let the quantity to be reſolyed be 
. Fre or littl: whatſoever,ifhe be carefull to make 
s Canon right, the letters themſclves will di- 
re& him how to trame his Diviſors and Subtrats 
in order to the finall reſolution, 'e{pecially in 
theſe unmixed Quantities, where, the points li- 
mit how far the ſubtra& (hall adyance at every 
operation, beginning firſt- at the point next the 
If hand, not further, and to the ſecond+;point 
only at the ſecond work, and not otherwiſe in all 
that follow, 
bk 2 And 


And in Mixed Xquations, if they be made up 
of Cube with addition of certain Squares, or 
certain Roots, or both Squares and Roors,' or by 
Subtra&kion of the ſame, the Canon of theReſo- 
lution muſt eyer be made by multiplying the af 
fumed Roor þ 4c inthe place of the queſititis 
ous Root 4, quite through the Aquation in all 
the degrees theresf, for fo ſhall ariſc all the ſeve- 
rall parcels of which tic ſeyerall SubtraRs ate ors 
derly to be made. 

Ina Cubique Equation, if all the quantities 
be preſent, there is no need to point any but the 
Cubiques and Roots: yet I hayc here diſtinguiſh- 
ed the places of the Squaresalſo with litle Croffes 
obliquely; which labour, when the Workman $ 
interit upon. his buſinefle , may well enough be 
Ipared, | 


Ofthe refolution of Mixed 
Cubiques, 


A tt > - 


Let the Equation a 4 a —ffa=sgso 
be 2219.2 p15 ROS eat=ifFas 5 £8 
AS letitbe 44 a-+ 324.4 — 754=29282979 || 

Therefore d== 32 and ff=795 1 
Andy g g= 29282970 
Pip btrocza 


Td make the Lano LOIUTION D JDITILU'S 
tine &+-c inthe place of 4 quite throvgh the 
P = Loaded ee —- daacsffa, The 
, Canon rightly made will be 5-4 6 6 2 
J +3bbc+4bb —ffb 
{- + 3bcc42d4be —ffe 
y + , cccb-dce 
| _ Theſe ſeverall parcels of-the Canon, being 
- | rightly ſubtracted from the homogeneall Number 
"|| 29282970, the Number ſhall be thereby reſol- 
yed, and the Root a found, 
Note firſt, That all the parcels in the Ca« 
non, which have not the ſecondary Root c 1n 
them, as + bbb+- dbband — f fb, are to, 
be ſubtrated at the firſt Operation , the other 
remaining parcels to be all (ybrraRtedas often 
as there ſhall be poirts left aboye, 


F "The Reſoknjon, 
| ” SORES: 6 $0%.'S 
| The homogeneal Number given 293282970 
The firſt ſingleRoort þ == 3 + | 
bbb $.00co000 
54 IJ --4bb 128.0000 
928.0009 
79 — f fb..150.09 
Z Þ +9 2650.00 
__. © 926 56.0 
kains of the Number gizen == 20017970 


= 4 & 


Remains of che Number given 20017970 ; 
| The firſt Rootdecuplate b= 20 | Y 
| | 346 1200.000 

26 . 60,600 - 
289-0 : 1280,09 - 

4 3 $3.40 


x3912,00 
—f fe: 75.0 
Diviſer I 390450 


The ſecond fingle Root c==9 


36bbec 10300.000 
35cc .,q$60.000 
"BEE . . 729.000 Re 
24be I15 20.00 | 
— TR. acc . 2592.00 is t 


17$002.00 
—f fc © © © 675-0 


OO n7793450. 
SubtraCt _ 17793450 


Z Remains of the Number giveh — —&0©2224530 
Thez Root increaſed b = 29 ' 
| Rootincreaſed decuplate b = 290 = 


ins ofthe Nun r giver 
g bb 253300 
'36 ... $50 
4 }ab508 


ff 


.Diviſor —= 55 
"Ra fingle Root c=8 + 
| 36b6bc , 2018400 
| 3bec .,, z5680 
EEE 00 00 FIz 
24bc , 148480 
Acc 02 
2225120 
— f fc... 600 
S 2224520 | 
SubtraRt laſt! | ons 
Remains of the Number given 
-phanan; fo appears that the whole Root 298 
Is the true Root whereby this Aquation is ex- 
Wlicable, as may be He. alſo by recompoſtion, 
hy b= 24 3$90c0 
be=, —_— 
3 7; © C=.. . 55680 


02324530 | 


, CCCESS, TLLY; 
L- dbb=—=, 2691200 
2dbc=,. 148480 


dcc=...,.,2048 

In all = 29305330 
nkich abr ffboþ-ff =. 237 50 
\emar 29282970 


Which was the whofe "Homogeiicalf Number 


Sven, 


N@TE.' 

Whereas in compoſing the Diytfor all the: 
gradual quantities are uſed, as in the former ep} 
ample, 36 andd,aſwellas 3 6 band246, ith 
to £ noted. that in praRice , thoſe imaller par-ſſ | 
_ ricles 3 b, &c, May te omitted; the other with-J. 
out them miniltring light eHough for chooſing 
- the Secondary Roors; _ 

Having now ihſtinced in an Example wher: 
all the powers were'preſcrit,” in theſe one or tw 
that follow, to fnake the work ſhorter , I ſhal .. 
leave out one or other of them, 1 


In the Equation aapffa=ggs. T 
Prepounded in Numbers a 4 8+ 320406 4= 


.P34$4133, Ir fometiin?s happens that the Cc 
elbeient s with more +binarie figiires the 
the homogeneal dorh with ternaries , in ſuch 
caſe that there may be rooom made to begini tit 
Extraction. The Cotfhcient muſt be deyolye 
to the next point further to the right hand, ortt Re 
the ſecond, third, fourth , or further, if needr Th 
quire, and there the work 1s to begin, The Cc 
efficient 1s alwaycs the known quantity whic 
gaultiplics any of the unknown inferior quant 


#15. 


Sy 


Di 


Example of Devolation, 
the . 44 45 320406.4=8348132 

Put b-þc=a_ he. 

bbbh$ 34þc 

The Canon *; "EIN load 
nf ville YTe3956T- ce ogy har 
JT © Crrobfre do 
Reſolution, | 
| The Homogeneall number giren = _ $3683 
og b== 2 nor 


-b bb 00c8.00g 
+ ff b 640812, 0 


—— 


=6416, [2.0 


it 


pate 


th- 


L 
n Remains of the Nanbergite 


J The firſt Root decuplate b=a3n,,;.. 
3565 coooraCo o 
ff 00320406 
Diviſor - 331606 
q The ſecond ſingle Root c =6 


Remaihs ofthe number given - 4932013 
36be "I. »* + 7300 x 


3bcc .... 2160 
EEE 0.0.0 0. 33G 


ffc .19224 36 Bren: |S 
| "932013. 2} 

SubtraRt E .2.,./.3 1932013 7 
Remains ofthe number giyen TR Ih 000 


« Wherefore the wholc Root 1s equall to the, [ 
\ . » Rootincreaſed, 26, as may be. proved in 
manner as befoxeſaid. | WE. 


It ſomerimes happens allo in the Equation 
a4a—ffa=ggg Putinto Numbers, | R 
As 444 — 105000,4=203125. 


That the Coefficient abounds with more binarie 
Aigures then the homogeneall with -ternaries: Y 
Wherefore that there miy be place for the Relo- 
lution , put before the homogeneall, toward the. 
left hand, ſo many Ciphers-as will aftord thatto | 
receive as many Cubicall points, as the Cocfhici- 
ent doth Quadraticall: And at the-firſt empy 

oint, as it were by anticipation, begin the Reſo- 

10n, In which there 1s this of Compendium, & 
thar che fiiſt Square Root extrated out of the }'. 
' 1$ | 


2 - 
| = [ #11 . . 1r|; 0 
£ tt - WY ak. an hs 6 . 


, by 


g 
4 


0 a res, 8 99s = 
Bur if the £quation had bye two Dimenſions, 


As 44 — 2544=65024, thenthe firſt figure 


efthe Cocfhczent, namely 2, is the firſt Root, + 


 Exampleof Anticipation. 


The homogeneall Number given Ke = 0203 1 25 
b þ-c=4 


The Canon is\ #5 + JE, ep oe EG e8 
The Re olution. 


The firſt ſingle Root b= 3 . 


b bb 7.000000 _ 
T*+1 3150,0000 


Subtract the differtce? 
which is $—45000,00 __ 
Remains of the Number given 4703125 
The firſt Root decubhik Simi 20 DT = 
+ 3 6b 2700.000 
—f f 1o5e00.0 _ 


F Diy4for 16 5000.0 


3bbc 5400.000 
36bcc ,366.000 

© CC ,,,$.000 
—f fe 210000,0 


— 
Fd 
wen It 


Fm, 


Remains of he N 


- 
I 


& $ | | F 
Sy. 5 OM 
umber given 

, - * $4 " : 


| 38bV209obs 
— ff 105200 ” 


Diviſor 


Root increafed'decuplat 


203200 


QCbtra& . 


Remains of thenumber given 


merly, 


-* 
[I ” DA 
E 2 _ 5 


vY.*y | $wkaith4th 
. y % Wis, - » J 
TheRootineteafed , þ = 22- 


- $=2220 


Thethirdfingle Rogr'0=3-5 | 


3b6be wr536000- 
36ce 5 { dos 
CEE $0 © 125 
—ffe- ' 525000 
2035225 


*Which  ſheweth that 'the Root increaſedſ{l 
þ 4c = 325, is thetrue Root of the Aquationf. 
And it may be proyed by recompoſition: as:towie 


In the” Zquation  — 444+ ffa=ggg 
Which 1s explicable by two Roots, as ſhall t 
ſhewed in the.next Chapter, Sefton 5, to findeifiiy; 

- themborh, : Putthe-&quation into Numbers, FF 


$1633155 


| 
- . 
"x 


103522} 


LO WL inn mn ir nn nm n—_—_ 


©90 


2, 


; " A8<B264f- 520K mp 2a : 
Tf EE N= 
Putb-pc=8 | 
\UTherefore —666b4-ff- 
— 3bbe  S>$=1244160 


_ = zbeolffe 


JExtration of the greater 
Root, © 

Pitc Homogeneall Number given = 7244260 

Thi firlt fingle Root b=2 . D 


3 
. 


Remair of the Number given 
Fhhe firſt Root decuplate b = 26 


f If $2416. 0 
— 366 1200,000 


" |) + ag © 
Eon fgic Ke ons 


>! ; 
2 '4 q 4 . 
a, E 


Rena of the KAI Ph nag: x2 Hog 


I Tet. «524 216.0 
OE 1,4 coo 
pt opt 60,000 i 

\Tþ'-5 | SLICE of, > $000 I 
OO re 

Subtract | —736840 


Remains of the rhimber given 1] 4502208 
"The Root increaſed and decupled 5==210> I} %u 


2416 
i R34104 WY ja 


Duviſor 9854 4p! 
The third fingle Roor- £==6 
Fly 314496 
| D36e5122e8s Uth: 


—_ > 320 


tht ra tt oo tl 


—$02200 


Subtract 5A .  —502200 


Remains of the number | ofyen ST 32 
Root increaſed þ- "c==226 > which 18 tl f[ br 
true Root x 


8 3 by 


© Rootby Devolution. 


Tke homogeneall Number given I 24416 g 


b= 12 . . 
11 ffs 1048320 
wp :<2-453 RN Yet 
ol | garget; 7. - TP 
_ Me od a 
wbcrad to | + 1040336 


{ Keniains of the Number Piven +20 3349 
"| The Rodr increaſed and decupled b = 20 


= Diviſor , $1 216 
{The fecond fingle Root e=4 


 ffe 209664, 


200 


p08 


 OrY $5 | "i TE Sie Jot 
3 pl omin of theNurtber given 
1 The Root increaſed b+e=24 


Wherefore 24 je here Roat 
be pr} xr by recompoſition!; as 


Ss thay Equation is inlicablc by ho Hoow | | 
that 15, 316, and 24, | 


+..VIETA, Lib, de Recognitions equari 
pony Cap. 18, Prop. 3. faith, That in the Af} > 
quation — 44 4+ffa=ggg,the Cori 
ent ff is compoſed ofthree proportional Sq 
eation of the agpregate of the.rwo 4 
= laſt, (for allis one) into the at of 
and the Root 4 may be the: fide cir 
rp fort orthird. This (or the ſame in ſubſtance) '- 
make: 
PIESFFL +bb""=ff : 
Andpnt c =# *-* | Fri 
Theroree ed hhemecemddohth "I 
Or put h= « 
Both which are manifeſt 2.2K 
COMPENDIUM 1. 
© Hence it may be ſhewed, that either of theſ®* 
quzſititious Roots; as 4, being found and cal The 


and the Homogeneall yg g g is made =D 

ſaith that Noble Author, Andi it is evident, for E: 
Itis bb hdd bc ob—b b k=ddbb<ch 
_=_ the ocher Root # "Ro Sys Z 


- has 


1 | e8þpeeff — ee, The 


"Iris a Kg ff. Y 
* Ant cc” ce” ee” Enclide6, 23. 


ot fre dd" th And 


mh 


F 
1 "Bur it was ſhewed before that F might be: 2 
K| 


6 
ak 


foot of this Aquation — &« 4 4 = 
therefore ealſo-1 15 2 Root Ed — ££5 


the Compendium i is proved, | 


-  -Examplealſo ia Nainbiers, 

"In the Lt Equation 44=cc= 46656 

- And ff=53416 

-* | From which take cc=46656 

ble| - TT 
1. | ee=' 576 
i JAnd | cempr 84 
$760 
the 3! Summe 1s ee þ co == 5760 
leſFherfore 2+ þ-6 6 =f f — © 6 Which wandecr 


.In the Equation. —484-+f 64=g, , 


$760 


1 # 


e Coefficient is obwoſed of three proportis 
a lines, fy" is equal to a Solid made 
by # Square (whole fide is\equal{rothe two firſt, 
- or the two laſt) mulnplyed: into the. remaining 
line:. And the a aggregate of the firſt and:ſecon 

may be 4, 2 and the aggregate of the ſecond as 
third ſhallbee, Put 1" 2” SG ( 


And ſuppoſe —aat{=7Tann=36 © ip 
Then 4 may, be 3, ande1 1s 6. Vita, de Recopui 
Cap. 1B. Prop, 6. | toms 


"POMPENDINM 905117 oth 


| An thereforethe Root 4found, and calle de. c, 
Root. e.. F- uation 
for ſuppoſe _T Tar Fee Jo it Þ 
foo inct ; 
" Andfe oe pavnndys 5 7dr ref 
=fc—cc. Andmaking fe +gc2=x 4, 
itis y y+cy=xx. And the Root y bei 
found by the firſt. Ruſe of Chap. 2, Ir 1s laſt ! 
— »*” F nv + 4==e. 
[here RA a. few-Rules (grounded upgy 
Mr. Harriors.6 Sections) by which the Readg 
may eaſily perceive the-Fabrique of Equations 
their Roots, icrentent and decrement, Multiple 


gatioand Diviſio them, and: they name 
znany£quation as fo olloweth, 1.5 neal 


CHAPRI = 
L _ T 


— 


OO SGY Fx, S240 5,9. 2 OY Þ 2 © dc 


's 


* _ \ 


AA = © = tl w22:; 


OI 


So .- AE. a. b—_ __'T?, | 


«4d theſe i'yoorn mwltipli 


. ; ” © ge TY" Y 
” wh 25 #. Ta 23; T 7? 


——— 


ZI - Tk IF 4 4 Fe »y 414.634 an, 44. — On 13 YO CO) 


OI 


mM 9% CHAP! AVE 'g 
hn toi compoſed of" Joe 
hrs 


7 of ow 
| nip mear Fas ore 


v ns - yoors- rgeſbuof ; yy 


hown 41d '''of 0ne other qua 
j af wnelly tyres 


cvs ps wenn oe + Att : 
reſpectively © ſigne ini, every ces 
both t feos (bY nn whech ordey. 
ted m e" #p"the equariom YAs-the'H 
C8—b a= a+ b 6==00 irnade 
flying 4 - 4=0 by 4 — E=20, Ard'becauſes 
was at firſt: — =o thetefore a== Santbibe 
ſo e,"And' from wr itfollows tharwhere 
efirſt term (or hi pad. ink quadts- 
tique Aquation is Ggned — there 
ath two r6@ts'; as hereby ſtcaGing on bath 
ns þ 44 ba — Ca the £quation will be 
E'=2 ad eyes ATE man DK 2 


7 


by 


5, 
1 Theſe comp ound clan fo mltipl 
{hall call Binomial whether 4 4 te} b Or 
not having any need inthistiearite ro-diſtingwiſh 
berwixt Bluomials and Refdzals, ' 1: of 


Ee G= 


= 4,-then 
the 


2 The-.zquation 4 #'>— b 4,57 
Sb c, If it be, Gas. paponns.ond 


tion will be,, - Es: 
Ef Ed nent Ch I. tool 
þ>e, put —c=f an Xquation 'w 
be -j-44 —fa==b c, and is like the {econ 
fort inthe ſame Chapter. 47910 
-- Tz Original © 6f the -zquation. PP 4 
= ny” c==0h ; +8 
"ID mukiplethyof+ 0-5 Fa thatlacs = 
Ilya=—c.T #quation hath bur. on<rud 
root which is 6,arid-one nchile adhd 6: "v5 
-— $-By this which hath bcen aid ic is plain cha 
ſome zquations heve as many xoots as dime 
otis, forte not {6d many; but none can haye mor: 
Ages number of dimenſions being the. { 
number of-mulcipliers (if all Ay 


all reors. Nor can the xquation be 
Ft by by. any other _thing then . ane of th 
by whoſe multiplication it was made, 
Purif te DT etan how matiy foeyer be a: 
re can be but one root. For let-|- a— 
b= —=0: be muliplied 3: wadratically the produgh 
is Mr. 4 04-nndh; METLEPES 
bbb a-++6 bbb. where it is there c 


no other xoot but 6. I'mean Ka greater or le cNle 
Leg hers - rruth here are 4 roots, but e- 


equall to 6. 
i TT Tagen ;ricbed, andler dbegr cats 
er or Tk thn&, apt not which Kod ſee 
ing ds, Subſtiture d in the Place of 4, Jul 


throughthe Aquation, it will be 


XX i - 7-3 YT vg- 77 oY UOTE. CCC CCC CEE 


144 - =_ at Xs 6bb42: 4-2-4833 

ns Which- if d>b, or elſe 

is at firſt fight impoſſible : For the db 

ecn the | and. — "15 alwayes equal 

keen the diffaxence berween 6 and 4, 

Sn ions Biquedratgtherefore. d==b. 

again ſecing4his \Aquation may be gerived 

T7 ing $equlito forſubtinming S-in the 
e of 4d quitethrough,.Itywill be. - 

426 66bb 4+6406 S=gbb644-44 36 


Which is manifeſt therefore again & =d,w 
| Lonelgt y rhe F (tion en Fa hich 


oY. y Root of this zquation, for ini deed the 2 


ion propoſed being nnde only of motapti- 
Wins ul b =o cannorbe* le Tis 
reſolved; by any other Binomial then a—b; of 


yl as va TM 

4 Hence i is that the laft corineve 2cqua- 

tion may be called the Homogeneall, ar ag et 

Snuggle made by multiplication of the Roots 

f the: £quz: tion,thqugh t the coefficients'in ſome 
£quations are diſguiſed with other chas 

a, naQers, which happenby, ddirion or "Subtra&i- 


on wE them, to reducethe canonicall* zquationto 
kwer members, whereby the .redundancie of che 


nes + and — istpbe taken; wer) this is 15 to 
S hn aboye in this Rule, where the zquation 
(” $44—babca—bemp, -is requeed. to 
. 44 


+ 484 +4d 4—b c= g by. makingd= 5 5 


and + 24+ aj ca — bc==0, reduce to 
+ 4a«—fa —bc=o0bymakingb —;6= 
Where the Cotfficient d-or f5- is not-a part-& 
the: Homogeneall bc, but a d-26n50;0y which 
b is greater or lefſe then c:;:by' helpof; hid 
difference, the equation which co earionl 
cally of four Members, hath naw but threez:.:+ 14 
5 a this N— —_ for as- - 
Des { artes faxth,and which r keen txuc 
the way of Multiplication above ene IT c 
equation hath ſo many true Roots as thong 
+ and —therein are changed, which in thee 
+z4+bg-ca—bec=e, are changed 
three times, whereas the Zquation hath notchtes 
true Roots, but one true and one falle, that 1 
c, and the common zquation, reduced. chan 
th fignes'butt once, that'is- from 4+ d a to--—-6 8 
inthe'tormes ;-or from: to — f.4. in. the 
Jater : and from'thence!it,may be knowa thax ths 
zquatiojz hath; but one trae-R.oot, The like Gong 
fderationbught tobe in others. - * ; 
" And whereas the laid Des { artes doth ofren 
mentionfalicRoots, it is tobe noted that ſuch. arg 
lefſe. then nething , as. 4+6 =. 3; Of 
+ a= — b$ if any true root,as + 4 —£ = 
be multiplyed by this + «+; += 0, therg, w1 L 
ariſe an #quatio-Þ aa-+b a4 — T4 — bc=8E 


. 


”2aa_cnrEy_yya AO ms 4.3 ry 429 & 


S 


\ 


11> <a. 


= 7 1107 2,09 HQ” 55> 


<> — _ = 


Iv 
> 


di -—= BF. 


fg aefolloys avg ain gre — 

ET they are once changed: » which ſhould 

intimate (according to Des Cartes) two falſe 

Roors, and one true-: far, he ſaith, So many times 

3-47.01, —— come twice: toge ther, s 10] many falſe 

toots.chexe ars, this aquation therefoce muſt be 

TIS F.Fal kingh —c=d if + >c,or elſe 

<T.c.then make. c— b=f',-{o it-will. be 

WH =: pFVy prey Bac 0, Or-Þa4a— 

mf —+c==0.hich confirms that which 

lex Cantes\ ſaith of-twice + or — :; Namely, 

Pere arc as many falſe roors in che Xquation, 

oy aF + come twice together, end; 1o mavy 

ot as and. —arec 
And wh where the Roots are all falſe, 6 hon 
gn. "is. appotile » ASH be =09: —_— y by 
cx8,producerh 44+ ba 4-0 44-4 6=0 

hich.cannoz be. Ang therefore whe) thcre is 

1n zquanion pretended ike a4rþ bark ic a= 
=— bc, preſent judgement may he'tade; 

6 The ſame Dez Gartet faith alſo that all the 
fe Roves in aun ny#quaion ,| may.he.rurned to, 
peed the true ones to falls, by.cbange- 

the ſignes of the-ſtcond, fourbgand every 
even terin, gr ar is evident, for:ofche zqua + 
tion 4* — 2 4? +1044 — 304—07=0. 
4 cha nge is made + 4*+24' +1044. 
A — "85 = 0 ee the firſt three 
Rooz,and butone falſe; the later hath three 
(Fees one wy; This Aquation was ta- 


Cl 
SL, 


SEU ave; as Tak for. wy ! 
only; whereas any other whatſoever hy 
- the like, ©. | 

| -0 | \n £ 2, | 


The unknown roots of an wy tation 9 
increaſed or decreaſed, by [i ſunpoſing anoth b ira T 
known. quantity + or — 
crement, and of thar Binomiall com apy # 
equation as it was before of the fir 7d 

ty » and i f incyement be 
ſ#ch «part of t he coffees 0 71k fend 
at unity" it of the dimen | 
(if che fignes of the fir pus cond be Eg 
or both — )'or if the Decrement be mage 
fuck a part of the ſaid a ak a el 
the edt ons 4s aforeſaid, (if the figs 


fecond terme be one+- 
== pack: of Hecreaſe lene root t 
©. ba <quacivn ſhall taken aw 


Examp , 
Tnthe tid + 4's 4 Hb earthen 
the ors uy be fb os | 
rr, and ſabltituting nts in th 
har! of Squire through the 2quation, and Ws. 
by ſhalleriſea new zquation : 
Ferry 3goc 39.90 —1997 = 
Wes _ a 
— bbe 


CSE SS 3 or Ec SH 


Ls XI 2 3-H -a-£:% 


*Ico A 


| KT no he farite 
a *y VS, Rh TT eeeL a ea 


Thy Gl idg away q from  EIF7 
rub ws the RE "7 che dimenſions of 
the firſt terme 4 4 #3s 3, if accordingto.the later 

part of the rule the quantity 9. be proportioned, 
inaking 4 "1b" 'G "then b== 3.4 and 

po vil deftrey — : ee and 10. the ſc- 

Ned rerm\ e e wil be quite taken out of the xqua- 
tion, as.is manifeſt, for the #quation ſo | pas 
Will be-þ+- e424 — 34qe+2999—6b6bc=0 
And by tubtraRting on each patt +29 q q —bb: 
Hhavir 7G made bbc— 24q4q=d dd; it 
wilt 'de then eee —g9ge=dadd, The 

+40Y Tanner of ſuch reduQtion « of' Solids, ſhall follaw 
a8 the nem Chapter, | - © - 
'; ndatby ſort the Root 4, ir bayobec de- 
any quantity, as x, 1the pro< 
portioned ors ES would rake. away 
the ſecond term of an zquation, where: the ignes 
| of the firſt and ſecond terms are not like; as int 
| the 2quation--a 44 —b 7 RS 6 ;Þy 


Wl et: 

rme eb x 
Koce en the = X oa as 5 
& erving the fake onder 3 in conpalag 
q " Co kes, gy 3 reſpe&t had to the ſignes + 


ml ' » wher they cage ro Pe akkered, 


TOA pl 


The 


. " ” * 
| SN —_ —— : __y 
| 54 x 
oY . 
, \ . . . 


= 


The formhct reduceF29m Hin + 
— ddd might be fart ire 


{cen hereafter 1a its place, 
| Rule 3. = 1/4 

The unknown Root of : any o/Equianion ma) 
be multiplyed (or divided) by any known Juan 
tity nmmitiplying (or diziding) the ſecond ter 
of the v/£quation by the ſaid quantit j,, the:thifd 
by the Square, the fourth:by the: Cube theredfy 
and ſo forward continually in this order, as often | 
45 there are terms in it, having firſt aſſumed - 
ther unknownquantity, ſo multiplex to the [ailith 


«#4 + T 


pF 


Inche Cubicall Equation a 4G þe 64 
A bcd5=6: Ler-it be required to "ki 
the Root- « by. 4. 


; ' Afunic e=44 and 
ere $4 45 ceobi6 coce—6qbed=o 


Which is an zquation5'and the roet e'is quadru- 
ple to 4725 may be proyed thus. 


"Put 4=4 6=3 C=2 and d=2175 
Then #a4am=64 
baa==48( 

? COADSZILE 


kW = 
—_ —_ 


But b.c d= 128 


\ 


ak | Inall.. 128 . 
Therefore ao boac-eca—bod=o 
LO, 6 All cl the ſame ſtull, | 


d=8193 


Therfore s' 4-4 ee-þ- 160 £6 —BhGe din | 
And e=16==44 Which wasto be proved. 


i loſe wlicy of this Rule wil appearan reducing 
Zqua= 


F EINE Foe bby 
many times by this Rate tions 
freed from-Surd Numbers alſo ; eſpecial! \ A; 
be found in the ſccondterm, as is cafic ro by ſp il 
by xriall, for if there be an #quation. ſo affc 


hs aagTv $8442 4—442 Eh. | 
| Put e my $ ='4 - vogy-£ £81 


MEG breed 8 eeÞg3e— WPPE | 
' Sd the Surds: aie vaniſhed... - - Gut 
But if yet it be required-re-ayoid the Fraftion 
93e, then make y == 3e;\ And multiply yah 

TOY Io J» \piby9s. and t2S by 37s chere 
d 2quation, $3 - 6 {pita It 
b. 3777 +141 +8775 3456 —_ n 
Which conlilts of, efitice Numbers, havirig oil G, 

e Rootwhich i 159, andrhe Roo © 6 | 
e #quation Was 3; Saeſn which js the third! 


and the Roox of tion Was ws 
| as Rl a he the aſc Fi 


ms ” © | 4 


— 
or 


7” <2 fZ 


| 5Kmaybe noted, that FE hl 


wit aſt termes of the fit zquation, to wit}: 
, alatty Bana 34 =4 42 had been” 
bl utterly incommenſurable, the dation had not. 
bY been ſo fefible, For although 4 y/ 2 multiplied 
MN by the cube of 4/ $ that is by $ y/ 8 produceth 
'y 33+ 16. which is equal] to the intire number 
ti] 25h, yet if it wr kayay 24 3orz 4 5,0r any 
M8 ſich primes to be muitiplied by $ y/ $ the pro- 
51 bo & would have been 16 240r16 y 40. 
J this laſt may (by the note after the Con- 
fare in. Chap. 6. "be reduced by multiplying 
IN itagain by + 49 unto the intire number 640. 
Neyerthelefſe this ſecond multiplication, by a 


Shrd , renders the zquation inexplicable, ar 
all kaft by the precedent Rule, , 


NOT# 2. 


"We be further noted, that if inftead of «== =4 
one would put ef 4 lines not being ſo —_ 
8, numbers , the zquation would - then be 
eee —fbeeb-ffcce f fbed= 0 ins 
the dimenfons of the: Jefſer termes , for 
fedy whereof three lines are to be found in 
portion one to another asare the magnitudes 
WH «ff f 6. of which ler the firſt lipe be ſh 
to containe Vnity' as often as the ſopeth 
i ef ban for which ba ofe VU nity mult be a. 


ine fer; and agreed on ) The names of 
rhefe 


theſe lines when found may be called Ls hb, k. and. 
the #quationmay be written G 


-eteþgee Phit—kbe=o. 
NOTE, 3 | 


| But it 38 ayaihe to be noted, thar where the 
lmes f' b,and © arc cottimenſurable in length 
the three lines kh, g, may be very cafily found 
for then they may be Ggnifed by numbers anl 
iff be' put for Vaity thene = 4 andthe work 
Fake; bit where the ſail lines are incommet- 
ſarablein leristh this ReduCtion is alwayes hard 
if not impolſivle: For 'thoſe incommenſurable 
lines doe moſt comnionly repreſent ſuch ſurd 
numbers as cannot by any Redu&tion be conr 


pared, 


> + we 


ms |.3-4 


Rule 4. | A 
"The SEquition "ua# — 3bba=2ci|T 


Lands bw: a. KERR. 
br any ther like it, by vitifing — - - — = 4 


muy if c>b be brought #9 e e6=e cl 
orif c==b ro eee=rcc wr OY4 þ 
; + 14 


then to. exe = coo + 
Which taft muy be callzd an np ible va T 
Hon, þt 


| b 
; Pr] + b'' 4 barre ire x 
STK e "Y 


{ 


tothe ſum of the Extreams, which are #=þ- —— 


i P 
| _ 
| nm From toms it will be. 
6 bbe* tee 6 = 
+44: es 
TI. | : 7p 
Wn | [an nens 
—— ba 
eee | 


Therefore rejecting the contradiRories, and 

mukiplyingall by eee, It is, +e*b65 = 

=2c*e* 

Therefore ot—2ccne fm — $6356 
Andre *—a2ctef pot pit —be 
<6, | Therefore, (for e* —c *=/e Ve 13" IPL 


4 +e' =cccoy/ £5 —be, F 
If now in the firlt caſe c be greater then b, 
” thenput 65 —b*=46, 
Then it will be eece=coic+vy ddd ddd. 
| ade, eexexmcce ddd, Which is the 
90 promuſed un the firit caſe. , | 


*xcon * TfBbe equal ts c,then & * — h* =o. 
Nadi Kd wil ay follow, ſeexng G4 is. ſhewed a- 


| boye). 


I 


'boye)rhat e * — 2 IPL + £*=0, therfore 
theRoot of it e* — c* =0, thatise ee — &#h 
the ſecond zquation preſcribed, far © 
- Laftlyby the third caſe, ſeeing c is lefſe then 
Put cooood —bbbbbb=— dd ddad** 
will be oor = cc peboa/< LEL00 
the cquarion preſcribed in the third caſe, antl (bg 
cauſe of the inexplicability of / — d dd dd, 
impoſſible, | 


GY | "Cc GS... cu” oo u=-<4c. 


. 
-w»- whe PPS | PR 


COMPENDIUN 


Whereas Mr, Harriot faith Proprer 4/ — d* 
inexplicabilitem, &c, The {aid quail 
vy — t © isnot explicable becauſe — d* arif 
by culciplying + 5 of = 4* betwixt which 
wo there1s no meane; foro one thing can pros 
duced © butd * onely, and — d* is not prodi* 
&d by -þ- 4 * or = & becauſe by both, this there- 
fore may ſerve for = Compendiam to ſave labol 
which might clſc be loft, in ſeeking that which'i 
impoſſible to be found, guar 
ft l . ' Y , 1) 
4 NOTE... +  20V08 


»26 
*Taſe'b* for bb6bb b, and 54 for b'bFb 
and6* c* for bb becc, andthe like; (as Dl 
Cartes hath done) only for abridgemenc , asi 
_ the Definitions of the | Sraadey 2 dy ſhewes J 


5 


9 5- 3 > TD, 4 tant & 


"*" "bo 


\ 


had parteyp: q.4 onus , $a fn Cuts on 
to diſtinguiſh berwixt 4/ c & — a4 one 
quantity, and y/ c*taken by it ſelfe and — 6b * 
hes pgarrall alſo, for by ſuch miſtakes may great 
ors ſucceed 
will adde no more rules,theſe 4 may be mwl- 


i by any one that doth not find theſe ſuſhi> 
ft for his Me at his own panndnre, 


: - 


CHEAP;.v: 
Of Redult ion of Solids. 


'FAvin ip oken in Chap. 4, Ryle 2. of ma- 
H bing $6 be—3999=ddd, and F 


Rule 4. of &c © 6 = dddddd, 
Ithink it not amils here to ſhewhow.ſuch A 
tion and Subtra&tion of Solids may.be 25h 
And it may be notedthat dd Tl brevity 
lake there uſurped for g g.c; or ſome other ſolina+ 
gal rectangle P arallclepipedon, cquall to the 
Binomial reQangle Solid 6 be — 2 q q qqforif 
this Binomial could (by plaine Geometric be) 
ven in a Cube, as is d 4 Pi ſomething elle might 
done which here I will not ſpeake of, 
' iNaw therefore {ceing b = 3 q as there. 1t-15, 
#quatzon may be written, ,. © ,-; 


$99 —2 qqq==d 4dorrather 16 
Sge—=29q9q=zggc. © 


» ——_ 
- 


v7 
= 


3 Bl 


Ld 
-- ”_ i £1 


* Ew BA 7 


| Make => =f' therefore 24 4 q= 276 


Secondly, eb 977 —24qf=g 8, from thence 
it 1s plain that Cm 2999 LL which 
was firſt to be done. 

Secondly, to reduce c 5 — þ © into one intire 
Solid, though not into a Squared Cube as 4 5, as 
is uſurped by M*, Harriet tor brevity in writi 
or facility in reaſoning, Pap, 100, ſuppoſing that 
done which-cannor be done by {treight lines and 
circles hitherto, 

Now therefore ſecing.c *— 6 © is produced 
multiplication of 6 cc 4-6 bþbintoccc — bbb, 


— Mis comm” Sf eo ocolgNT..z 


cc bb 
Make eons f, and —— = gb f 1x51 
c 


ad f—-g=p, dherefore bef=cec, and 
beg = bbb, andbeq=cccþbbb. Se- 
eondly: alſo dg crerabibh And. theres 


fote bb copgu=cccece—bbbbbb, which 


Was ſecondly to be dene, to 
Example in»Numbers. 
Put b=2ande= 3: Thenc coef =729 


andbþbbbb=64, andthen cocooe — 
bbbbbb,thatis 929g —64=66 5, which 


| 15prod ced by multiplying 2 7rþ 8527-0 
that 15, 35 by 19. Now mak e f= 32:2 


oO RER ty htm .i:z 


4=5 , then f-g=54=4,and f—g= 
&f =35=p. And beqazz35,andbop=ng, 
'| And laſtly 64 co pgz=665. - | 
o Moreover, if you make p q = x x, the Solid is 
mf further reduced to bbc cx x, which altho 
-* | itbe not a Squared Cube, yet'it hath a ſquare root, 
ry namely 6c x, which may be of good uſe in ma- 
as caſes to reſolye Equations into Analogiſmes, 
& which kinde of Demonſtration , by help of 
at # Exclide 6, 14. ſome notice is taken before 1n 
df Chap. 2. 3 | 


5 NOTE. 
| The three caſes ofthe XQuatio a? —3 bb a==2c")? 
:q | mentioned inthe beginning of the fourth Rule of 


| the laſt Chap. arecalled by Mr, Harrier, the firſt 
ad | Hperbolicall, the fecond Paravelicallytbe third 
- | Ellipticall, becauſe of ſome fimulitude berween 
© || them and thoſe ſe&ions, of which three Caſes, 
© || the firſt is reſoluble by a Conique Sectian, the (e- 
+ | cond by a Circle, and the third not at all, 
Multiplication and Diviſion of Solids is al- 
together as cafie as Addition or Subtra&ion , for 


N >" "Ol 
x one would divide cc c by 6b, make Y Wang, 


. Cx | . 
and again make — thefi z 15 the Quo= 


tent required, 


Eiwpls in Nimhers. >: vjuh 
115 . > _D 
Pur b==2 and c=31 ten =Soe 6} 


be 
E ©C- Wd "_ > += 


Þ hde, which , make "OF =2.,..- phe 


2 *% Cc 8R Tz, mid 


oF | 


d 4 


ex | cce 


TY 
| 
[7 
& 
| 
i 
- 


as it ſhould be. | -* ++ ob 
Again, if c? ſhould be diyidedby 6, it is ndp 


EEC 


[5a z, and multiplying by 6 it 1s =p 


19 a mw» = 


ct 


Again, multiplying by cc 1s == b C0:&q 
WE 


and ber isthe Quotient required, X ; 
9 


aan 3 5 


| Bur if it be required to bring the quotientt 
| Riquadrat,make bz==ddyghen cod d==be 
And make c d=ff, then the quotient will 


Fit. 


20 

Multiplication i is naturally ſo cafie that ther + 

needs no more be faid of it, then what hath 5+ 
been ſaid already in Chap. 1. 

Now, of zquations conſiſting of 3 texmes in 
canticuall proportion as 4 * +6 baa=c*q 
jegondly a * — bbba? =c {ck let it.by « 
+= 4, * q-bbbba*=c *let them firit be pr a 
ue in numbers as 4 *Þ2. 44, = 234% 


By 


FÞ Rule 1 of Chap?» bewronghrzit-will be found 


y 25 —I=44;aud 44 = 4O0raA=2. 
/ Otherwiſe if the {quare-of halfe the coctheſent 
ke added on both parts, then 
4*+bbaapl=zs. 
"And their ſquare roots allo are <quall; thar is 
44-1 =5 anda a= 4 or 4 = 2 as before, 
and the Jatter may prove-the former, © 
'2 In the Recad ie it be a* — 1044 4=459 
Adde 25 to each part, then it it 1s 
644464 ——I0 444-T- 25 = 484. 
| Now each part of the Zquation is a Square, 
&thcir Roots allo are cqual;thatis a 44 — 55, 
= 22, thatis 444=27, and a=}, +; 
3 Laſtly, If —a* +700 4*=46875 
b—cks Square of 73*, thatis;from12 25 06. 
take the homogeneall 46 875 , there remains 
5625, whoſe {quare root is 275, Andeithet 
$o+ 275. Or.350 — 275, that is either 625 
75 1s equal] to 4444, and a = 5. Ot 
Y qq. 75 =4, which Charr&er y/qq. ſignifies 
_ Biquadraticall Root. 


NOTE 


m— 


4 The firſt and laſt of theſe three *quations, 
wy b be done afwell in Lines as Numbers (by the 
three Rulcs of Chap, 2. and fo any #quatios. 


x fs, 8, 16, or.33 dimenſions, but #quationsof 


2zor 24" dimenftons, cannot be —_— 


becauſe there is eyer one or more Cubique root 
to de extracted, which without two meanes cat 
not be done, | | 
For if it may, then Ifay, that two meanes be 
rween any two lines may thereby be foung, fa 
in the ſecond zquation & 5 — 6b baan =ci 
by Rule 2 Chap. 2 c* +366 1s a ſquare, make 


CC 


==4, then bd=cc, and b&4 ud =e), 


and bb c cdd=ceccece, then make} —— = 

Ee: 

OE - es at Noy 
bb 

becauſe — = 4 f, make h = 4 f, the 
c 


fece hh =5 bs, 0 | 
Make fc = //,thenc chh11==5 6%, Aopain, 
make bb 4-hb—m mw, anddd+1! =»llÞ 
And then it willbe , .c cm mnn==bbecdl 
+ cc hb bl that is, c* 4-265, to the ſquareroa'® 


hereof c 92 9, add 3 b bb :thus, make 3 — =p; but 
”» ces 

- Lara and b yp— 4bbb, MakJ4 
- | | ih 
—— ==9,then w»q=536bb, Laſtly, maleed 
” 


0 
e4+q=x, then itis cmnml-L bb b —wmns 14 
=4 44, by Chap.2.Rule 2, Now if as, n, and 


roportional, then the middlemoſt is equa] 


al x be prc 
ry r0-4, but that is uncertaine, and cannot be made 


;E otherwiſe : But by making »r =» » it will be © 


Sf rx = 4? and a willthen be the lefſenof two 
fall meanes between r and x if r < x or the greater 
CY meane, ifr >x. Ando if y and x had been 
ary oiven , and required to find 2: meanes between 
them by retrogradation orderly, one might come 
Eto the ſaid zquation 45 — bbbaaa=c*6 of 
{which &f the root 4 be found , two meanes are 
'Yallo found between r and x which was to be 
proved. 


a I —_ 
het CHAP.:VI. 
Of Surd Numbers 
Rule 1 


, He ſquare root of any number being multi- 
4h Piicaby that number, produceth the ſquare 
rot of the C #be of the number. k9-- 
For / 4 multiplied by 4- produceth 4 4 4, 
T; Mita a= 44a for taking Equimultipli- 
& they. will be equal, as if the firſt, namely 
akeÞ44/ abe muliplyed ul by + az the product 1s 
$4 y/ 44, thatis aa, Andit ſ/ 44 abe multipli- 
akfedby 4/. 2 itproduceth / 444 athat is 4 4 al- 
ſo, whereforeay/ a= 444. And therefore 
"13/ 3—y 27 cither of which 1s the cube of 
yy 3 and the like of all others. 
—.. Rule 


'oN 


k 


-2 62 Rullecys c 1500.7: /3t:onfſin 
"Sued pewbers are multiplyed and divided q4 
hole numbers., the Produtt Mir alu Piel 
Charatter of the Root... 200] 1n 
That is, f 2 multiplied by v Jz proc ducelilf 
y 6, and ſ0.ofall others, TY 
NOTE. -. - ut 
| Where. I ſhall haye occaſion (fany beY'l | 


ſpeak of a Cubique Root , I ſhall Ggne it chi 
vc, andthe Rudmive Root thus / q4 45 
Rule 3. 

To multiply, divide, adde or S mera - by 

roots of Surd numbers. And firlt of 
MULTIPLICATION... 

Beſides that which hath been faid in the ft} ©: 
Rule above, theſe roots of Surds may be mui} | 
plicd and divided, and knewn by other names] 
io as ſometimes the products , or quotient ſhall 
be rationall, Firſt, therefore any {quare ro ay 
doubled is the ſquare 1oot of the'quadruple, as th 
24/ 5=+ 20and 24/ 20=+/'$0; ' 020N th 
3 5$=45:4/ 5=+/80.5 5 = v 11908: 4+ 
2% to =4/ 40. 34 19=/ 90. 

44 10=4/ nad 54 10 = 250, 9} 
infinitely fill multiplying the Numerator, 2 208107: : 
4,5» 8c: 18ts it felt, and che produt into 

—incd number, asit 3 v IO=44/ g0, ut arif * 
from $times q into the ſurd number 4/ 10: au 3 
th: like of all ochers whatſotyer.. of}: 

Fox pur n= 4 10,6 o bemulrplied? us 


4 * YT HI3A > 


- ” | 
VS 


\9another number , as by'a== 10, the produd is 
4/ 410 vo 10,:;whict by: the firſt-rule is 
Nl {44 44 = 4// 1000, that is, the muimerator To 
anJ] into it ſelfe making 1c, which multiplied again 
off Wt furd y 10,gives / 1coo, 5 
\ nd if it had been atfitſt / a= y/ 10, mul 
qu tiplied by any other number, as e== 3, the pro- 
al dut- muſt by the ſame method bee / a=ey/ 10 
ia b 4s. (by the ſame- reaſon as the former 


b tEAzx ec1oO=+y/ 90. E- 
nA And it 1s plain, that if any Root be multiplyed 
1h We; | | uadruple, 


34 The product ſhall” Noncuple; 

be the Root of SSedecuple, | 
Lal 15% che Vigintiquantuple, _ 
ki 6% Trigintiſexruple, 
ney} And fo forward infinitely, according to the 
al 4 (oem of the Squares of the Muſtiphers 
off Alſo by Decuplation, as if 5 5=+/ 125; 
oh then 5 / 5o= + 1250, Orif4 + 4=4/64 
»6fthen 4 4 40=+/ 640, And (as above)* if 
b, 4y/ 10 =y// 160, then 44 100=+/ 1600, 
A} Alſo by ———— if 2 / 10= 40, then 
willy 1=+/ 4. Or if 5 / 20=4/ 500, then 
W bb 2=+ 5@, And (according to that afore- 
WIS) 3 4 37 = 333,andg ff 36=y/ 3245 
(«FF at is, the ſquare root of 3 times z-tumes 36. - 
Jadf:And this may oftenbe ofuſe,not only innum- 
»M{ders but Species, and: is thereforc to be had in 
ifWhory by him that would be ready in Multipli- 


ACT 6 


- Furthermore it may be uſeful to remember that 
in Reciprecall Surds a5 4 5and 5 / 4 theſe 
two have that PI .one to another as j|| - 
hath to a meane betwixt 4 and F, 
As for example 4+/ 9 hath that proportiogl 6 
tog y 4 as hath 4 to6,which is a mean betwin 
4and 9, forg y/ 9=12, andg y/ 4=18,hitf © 
4' 6” 121 18” ormoregenerall ar 
ay e' ex a" 4a' v@ ac" Pl multir lo 
the Meanes, it is ae / 4a and mult:ply the Ez to 
treamesitis a / ace, & divide each of thembj 
# the firſt ise / athe other is / a ee, burby thelſ bu 
former part of this rule e / a= y/ # e e where - 


fore this 1s proved, p: 
cet 
CONSECT ARY. 
nu 


Hence it is evident that roots of themfelveſ}al 
inexplicable may be ſo multiplicd as theprodull. 
may. be rational : for if / 20, be multiplied Y 
4v/ 5 the produRt willbeqy/ 100=40, VIP 
For 24/ 5 = 20and 24/ 20 =+4/ $6.,thers} ul! 
fore 44/ 5=/ $0, but / 80 multiphed ty} 4 
+ 20 gives y/, 1600= 40, IQ 

I need fay nothing of Divi/ion, for that is 
more but by the ſame ſteps to go back againz8 

y 1600 divided by y/ 80 quotient is 4/ 20['8: 
And fo of the reſt which hath been ſaid/iri mall 54 
plication; 24:32 42 51:48 


4 


- F - + C i 
: * eo 
4, CP 


- &. 


NOTE, 


 Theſethings being ſo , it will notbe hard to 
wh 60d ſome number to compare with any Swrd 
xr number ſo as ro make that worke rationall and 
ae} primible which ſeemed not ſo : for there is nor 
any ſurd number can be given which may not by 
Jy forme multiplication be made a rationall number: 
ll tor let it be / 5, 7, + $, or any of theſe as 
bi 7 mulciglie it firſt by 4/ 7 that produceth 7, 
the but multiply 4/ 7 by any ſquare number what- 
re-f ſocver, as by 4 omitting the figne y/, itgives 
_ | 28;then again multiply / 7 by 4 28 itprodu- 
«th 4/ 196 = 14, 
For this is all one as to multiplie one {quare 
number by another , which muft needs produce 
lea ſquare number. | ; 
4d} So heer the: ſquare number 4 was multiplied 
1 Þ'y 7 and after by 5, that is by 49, which multi- 
{pliers cannot produce any other then a ſquare 
ev] tumber, to wit 196 Enclid.g.1. 
| yl And whatſoeyer hath hitherto been ſaid of 
| Qadratiques; may ſerve for cubiques alſo; due 
is} {peRt alwayes had to the degree of the quantity 
-$9a0d root, for any /c. multiplied by 2 gives 
8c. by 3 it gives 27 4c. by 4 it gives, 
all 64 4/ c: that is 2 a/c. 8=4/c. 64 and 
£03 Vc. 8—=4/c. 216, and 
N3 vc. 27 = vc. 729 the proportion full 


/ 


increafiog as the Cubes of their nultipliers, = 
And the like eonſideration had, this maybe[} 

applicable to Biquadratiques, or any higher arts 
I 


I, 
And till whatſoever hath been ſaid of mulws 
plication, ſerves 1a a retrograde way for diyifion 

alto. 


| 
. 
b 
p 
E 
q 
| 
Y 
Rule. 4 A 
For ADDITION. 


i 
Surd roots arc uſually add:d and ſubRaaRedlſ iy 
by the ſigns + & — as the ſquare root of 2 added 
to the ſquare rootof 8, ſum is / 2+ vy 8a th 
ſubltrated retis / 8 — y/ 2. 4 
But thele may be add:d jmto one ſumme faſſ: 
ſeeing $ 1s quadcupleto 2 therefore 41 
24/2==y 8. And the fumme is 3 / 2anlfſ;; 
the remaine is / 2, Likewiſe the reciprocal 
Surds $4 2 = 2 y/ 8,are capable of additiot "th 
ſubſtraCtion,muliplication or diviſion; forthe le 
arebeingadd:d ; y 32thatis / 288; ſublin'\; 
Cted, y 32; multiplicd + 4096; divided v4 V 
but {uch as are neither commenturable nor rec; 
procall cannot be amaſſed into oneſumme, || 
And the ſumme of the former addition of | * 
V8+y 2 being already reduced to 3  * \ 
may be = further reduced to 4/ 18 for 3 4/* \ 


- ws 
wequalt to the ſquare root of three times thu 


times two as hat Ae moreither.once ſhewed. 
of And ws, = | en.the on are 
germinated by numbers in quadruple proportion 
+42to 4$,and 3toy 12) &c. t cleflet 
well 3pd..ghe greater twice being added together, as | 
on a:59-16, or 3 to 24, the ſquare Root of theſum 

is equall to the ſum of. the two ſquare Roots g1- 

yen to. be added, thatis, / 24-4 8=y 18, 

and / 3+ 4 12= 427. 

. The reaſon is, / 1 + 4/4 = 4 9, whichg 

1s compoſed of the lefler once and the greater 

twice, that 15, as oftenasthe 4/ 1 18. contained 1n 
ted A. | 
i "But if the numbers be prime one to another, 
5 ON "Fey muſt be added or ſubtracted by the fgnes + 
and — , for theſe Rules reach not to primes, 
fa”! And taving taid this little to acquaint ſuch as 

are wont tobe afr aid of operattons where Sixds 
and Nite preſent , with this which will renderſome 
Oy mngs caſe which perhaps ſeemed hard , and ©- 
0ng/Thers which were hard, lefſe difficult, I willnow 
WI kave this ragged Subje&t, and recreate a little 
ny With a few cahe. Propoſitions; the performing of 
/#} Ndhich may ſerve t9 recall into uſe and pradtice 
ecF"that which hath been (ſpoken of Solids in the for- 

mer Chapter, why 


be 
ate 


i 


” * \ % . 
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CHAP. VII. 


Prob, 1, 
Ny right line being given , to divide it in 
A two parts, ſo as the Rett angle of the whili® 
and one of the parts ; may be tothe ſqu 0 
of the other part, in ſuch proportion as us betwixf h 
any two right lines given. | 


Let the right line given be 6. | Ss Hs 
The +. agar to be ſquared 4. & 
Then the other Segment 1s þ — 4. 


And let the two lines given be r and s, 
—_ Fs 647 7 8. 
Andraa =s5bb —5ba, per 16, 6. Euclik 
That is, raapiba=g6b. 


b 
Make — =d , anddiyide all by 7. 
r 


Then it is, 44+ d a=db, Make d4b=f, 
Then laſtly it is 4 4+ da=ff. And #41 
ealily found by Rx/e 1. of Chep. 2. 


And if it had been required to haye had ! 
ReRangle + or — ſome other plain to hi 
had any limited proportion to the ſquare 44, * 
work had been almoſt the ſame, with ſome 1 
addition, 


| Prob, 2. 
' To make 4 Scalenon Triangle, of which the 
Baſe, Perpendicular, and proportion of the other 
Sides (hall at 2294 (I account that the Baſe 
which ſubtends the divided anglc.) 
im} Let the baſe given be 6, the perpendicular c , 
andthe proportion of the other {1des, as 7 tos, 
4&4 Of which let r be the leſſer, 
of And for the lefler ſegment of the baſe put a: 
| Therfore by ſuppoſition, 


i i" vc cad yccb+bb — 2b aaa” 


Sothat the ſquares of themare alſo proportional, 
That 1s. 


eras oc chad cob bb —2bak ag”, 
And by multiplying the means & extreams, It is? 
154 ad=ssComrroc rr bb —2rrbd 
$rraa, _ That is, 

AA —TTrAak-2rrba=rrcchrrb& 
Sf =5 5c, 


41 s 5 | 
Make —— =x, 
r 


And divide all the zquation by r, Then it is, 

X44 —raad-2rba=rcc4rbb—xce 
Scondly, make x — 7 =f,& gg =bb-+cc, 
[ Tknicis, faarbrba=rgg—xcc 


—_ 


- Ls 
hs | 


| & 4 | * » - _— 
Againmake — =h, and —— =k, anddg, 


vide fa 4+ ar ba=rgg —xccbyf. 
Then itwall be * 
2rb 


a a a=hg—ck, 


2 
Laſtly,make nba ==q, and ho — kc=m 


The Equation finally reduced will be 
aa qa==mm, and 4 may be found by th, 


firſt rule for ſquare Xquations, Chap, 2. 


Prob, 2. 
»Any number being given, to finde two otht 


numbers, ſo as all the three may conſtitute i 
Ret angle Triangle. | 

Unto the Square of the number given adi * 
unity, the halfe of the ſumme {hall be the hyp 
thenuſe , or from the ſaid ſquare rake unity, tw, 
halte of the remain ſhall be the middle fide, I}; 

For let th: number given be 4, the ſquare 
a a, to which adding unity, the ſum is 4 4+ L 
== oa whereof is £ 4 4 +2, for the HypottFſAnc 
nule,, Ic 

Sccondly, from 44 take unity , the reltFlhe 
44 — 1,the halfe whereof is, $4 4 — 5 torWihe 


middle ide 


But the lefſer (ide (by ſuppoſition) is 4. 
[4 , The ſquare of the leſſer fide is a4. 
Fſhe ſquare of the middlemoſt is 5 a444—jaa-þ 
Both thoſe ſquaresare 344 4 4a + £ a4-+ Tl 


Þurche ſquare of the hypotenuſe,viz,of 5 4 4-þ- 4 


. 


equallto theſe, that 13, 4 4* 4-3 a a+. 
- Wherefore by the 48. of the firſt of Exclize the 
\Propoſition 15 proved, | 


” ©: COROLLARY. 


Hence it is plain, that the two greater fides of 
Ty rectangle Triangle differ by unity , for if 
/ evo Squares differ by 2, their halves differ by x, 


NOTE. 1 


It it be required to have all the three fides in 
"Pole numbers, then the leſſer fide muſt be an odd 


UCcr, . 


Probl. 4. | 
The difference of the fides of a Reftawple,with 


) "Whe Area and Diagonall in one ſum, being given 


of pnmbers, to finde out the ſides, 


+1} Let the difference of the ſides be 7 
pottflnd the Area and Diagonall together 73. 
9d put the leſſer hde-equall ro 4, | 

elt Fſhen the greater is a +7. 
r gitele two multiplied produce a a+ 7 4, which 
” Iallto the Arca G And 


yD 


And therefore 7 2 _ a4 — 74 isthe Diagon 
The ſquare of which is - - 5329 —146 44 
d-aaa4a + 1,aaath 

+ 4944 — 10224) 


a 

; 

V 

- = ; YI | I: 
Which reduced and rightly ordered, Is fi 
pl 

at 


ſy 


44444-1444 4—9744—10224-j5 41 
Which by the 47. of the firſt of Exclide, is equy 
to the two {quares of the other ſides azand a +7 


whoſe {quares are 4 4, and 4 44-14 a + ag. 
That is, +444 45-14 444 —97 44 —102 ! 
+5329 =244 +14 4+ 49. Ir 
That is +a a4a+ 14444 — 9944 —1090 


+ 5280 =0. ar 
That is, -— 4444 — 14444 + 994 de 
= 1026 4=5280. by 


In which #quation, becauſe 44 4 4 hath fal 
dimenſions, and the Homogeneall 5 2806, but jou 
places, the root 4, cannot conſiſt of more. tit 

one place, or figure, which muſt be found out! 
trying eyery one of the nine Digits, if need? 
and will be found art laſt tobe 5, therefore 
other ſide is 5 + 7 == 12, the Area 60, and __ 
Diagonall 13. | + 

But if 4 had been more or leſſe then 5 yet (& 7 
cept ſomething elle lead a readier way) it 1$g008 I 
tory 5 at firſt, if itbe too little then 7, it t 2 


— 


ol alſo too little, then 9, ſo there will be no need to 


po 7 


mr 


try the even. numbers , 6, $, &c, for if 5 be too 
little and 7 too great, 1t mult be 6, the like reaſon 
will ſerve for 8, 4, 2 ſo, that he which gueſſeth 
moſt unfortunately , needs not try above four or 
five digits, which 1s no. great matter, the like 


-1'F happening ſometimes in ſeeking the qnetient in 


plain diviſion, for no man 1s ſure to gueſle right 


us at firſt, 


Bur that we may exemplifie this in bigger 
numbers, where 4 may confilt- of two or more 
laces, * JH; 0 
et the difference of fides be 71 
The area and diagonal| together 1177. 


| Working as inthe former example, there will 


ariſe an zquation , which being reduced and or- 
dered as before, will be | | 


—4AAA —142 44 4—268 5444-1672764=5 
= 1380288. 
And putting 6&5 bc=a: 
Then the Canen of the reſolution will be 
—bbbb—4bbbc—-6bbcc—4bcci—cc 


J 142666 —q26 bbc —qubb ec —142 ceo 
| —26856b—5370bc — 2685 cc 
| +167276b-+ 167276c. 


X Tobe orderly ſubtracted from the komogeneall 
{4 umber given 1380288, as followeth, 


The 


The number given 


wm ww 


The firft fingle root b = * 


—bbbb 1:0000 
— 1426bb 142,000 
16865 2685. 00: 


RR 


In all — 4295.00 
— 167276 b 167376.0 
SubtraR(the difference of Te 2g —) +125 2260 


_—_ > — 


Remains of the number oiyen —o01 2801 


The furſt Root decuplate b = 10, 


— 46bb 49000 
—6b66 0600 
—4b 0040 
— 432666 42600 
— 426 b 4266" 
— $3706 53700 
Then —105200 1s allthe — 


And 4167276 is all the + 
Divifor +6 2076 is their difference, 
The fecond fingk Root 6= 3 


—+—1 220288 


—_—__ 


— 1 


= 


th 


160 


poſed, whoſe three (i 


Remains of the number given 1x 2802 $ 


— 46bbbc I 2000 
—G6bbce +. 5400 
—4bccec .1081 
— ccc co 08 


— 266bbc 127800 
— g26bcce , 38340 
— 142 CCC + + 3834 
— 5370 bc 161100 
— 2685 66 0 24165 


_—_ 


In al — 373800 


+T167276c=501838 
All the — being 373800 


The differece 1s +: 28028 


Which being taken from the remaines of the 
number given L 128028, there remains final- 
ly nothing, ſo that rhe given zquation 1s juſtly 
reſolved by the Root b + 5 = 1 3. 

The leſſer fide 4 1s therefore 13, to which if 
the difference given, namely, 71, be added, the 
middle fide $4 15 thereby compoſed, 

Again,ifto that middle fide 84 be added unity, 
the hypotenuſa of a right angled triangle is com- 

E are 13, 84y 85. , 


The 


allloram or recang]: required, - | 
For £4 multiplied by 1 3, gives 1092 for the 
area of the reQangle, to which adding 85 the 
Diagonall , compoſcth th? number 1199, as was 
required mn the Propoſition. ts 


COMPENDIUM. 


Secing th2 two greater ſides of ayy, reRangle 
triangle, exceed one another by unity, (as by the 
former Corollary) the difference betwixt the two 
lefler fides being given ,, the difference>berwixt 
every twolides1Salto given, 

Sothat putting for the lefler de of the reR- 
_ the greater ſide 18 4+ 771, and the diago- 

a+ 72, whote fquare 15 + 4a 1444 
+ 5184, to whichthetwo fquares of the {ides, 
being a a +4a4+ 1424+ 5041, are equall: 
That 15, 
2344-57142 4+ 5041 =4t-+ 144 a -b5184 
And fubtrating from cach part 
a+ 1444+ 5041 
There will remain 4+ 4 4 — 24 = 143. 

Azd awill be found x3,by the ſecond Rulgot 

Chap. 2. 


RESHMPT. 


Inthe fecond Probleme of this Chaprer it hath 
beenſhewed how upon a Baſe and Perpendicular 


| The Superficies. of this, Triangle 1s halfe the: 


and proportion of the remaining ſides given, to 
deſcribe a Triangle. 
It is there to be underſtood of an acute angled 


he triangle, in which the perpendicular falls within 
S | 4 rains 
e triangle, 
Now therefore let it be otherwiſe, p 
# | ” 
« Wi 
c 
10 AAS 
xt WE" -þ M2—_ Lg 
| = 9g P 
: = \ 
FP 
" 


As in this figure, of thetriangle a db, ler 
4 | there be given, the bafe 46 =6, the perpendi- 
cular d e=c,- and the proportion of the other 
fides, namely 6 d =7r, and 4a ==s, whereas in 
the ſecond Probleme , the lefler ſegment of the 
f | baſe wascalled 4, and the greater 6 — 4, Now 
here the line þ e may be called a, and ae ſhall 
be b 4, and the reſt of the work will be like 

that before in Probl, 2, 


NOTE, 
And it may be noted, that if from 4 and 


" # 


(the ends of the line 4 b) be drawn other binarie. 

lines, how many ſoever, ſo as they hold the ſame 

proportion. as-5to r and concur 1n other points, 

2s c, f, g,&c, Thole points are al] in the carcum- 

ference ofa circle whole center is in the line a b, 

produced towards p. Sx 

For upon 4b deicribe the rectangle triangle 

g4bc whoſe two ſides ac,,cb, may beassto r, 
and divide the anglz 4 c b. into cv0 equalparts 
by the right line c x,and draw.c q perpendicular 
to 4c In c,, then the angle xc q=go —xca 
likewiſe the angle c x q= g0 —x cb, but 
xcb= vcatheretorexcq=cx 4, and 

\ £@q= X99, 

And becauſe of the fimilitude of the triangles 
acqandebgitisaq'cq''bq *'** thats 
by "x4" bg'** | 

Now by ſuppoſition ag ' bg © ac” be”? 
" Andithathbeenproved aq ' xq** bq'?7, 

Therefore by compoſition alſo, it will be 


a4q+>9" xq+6q'"nq'bq"” 
Butac'bco”' aq” xq"* 
Andxq" bq'' aq” xq *. 
Therefore ag 'bg'' aq+xq*xqT+8q 
And therefore ag =4q+xqAndxq==g 94. 
But it hath been proved that x q= 9. 
Therefore q='c q=g 4. 
Againe » making - the center q , and the 
: ſpace, 


+» 


ſpace Xq, £4, OI gg, deſcnbe the circle 
x c g,and prolong d b to the cireumterence in z, 
and draw q 2 and becauſe it hath been proyed 
above, that ag bg*' ac' be”? 
That isag' bo” xq" bg?" therefore alſo 


F 


By diviſion ag —bg*bg*'xq—bq'bgq”", 
That is ab * bg ©* xb* bq'", 
Therfore the reRangles a b q=x b g Ex:, 6.16, 
And becauſe by ſuppoſition 
oc 44 EE 
And ac be'' qo gb”, 
Therefore ad” bd” qc' qb”” bur 


qc=4qzztherefore ad' bd” qz' qb" and 
the angles a bd, 2 bq being equal, the triangles 
abd, z, b q are equiangular, Exclid, 6,06. 

And therfore ab” db '! bz'bq" Encl.6.4. 
and the rectangles d b  —= ab g: Encl.6.t6. 
But it was now proved that 4 6q = x b g.there- 


94 


So that the points x, z, g, being inthe circur- 


ference of the Circle z. x g, the point d muſt be 
in the ſame circumference, , Exclide 3, 35. 
The like proofe may ferye to ſhew that the 
oint f is in the ſame circumference; which is 
all that was to be proved. 

This Circumference, howeyer deſired by the 
Ancients, and efteted by modern Mathematiti- 
ans, ſeems yet to haye little uſe, more thent» 
help the conſtruction of the triangle, which (but 
now I ſhewed) may be done withour it, 


—— * —— —_—_— — _—_ 
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CHAP. VIII, 
Of cHMixtion, 


DEFINTTION. 1. 
Upnata fineneſſe, Ts that fineneſſe which 


the current Geld and Silver Moneysare mad: 

of, In England the Gold is 22 CareCts-d 
fine Gold, and two Cares of Allay, The filver 
Monies are made of filyer ſo as the pound weight 
contams eleyen Ounces, two peny weight of fr 
flyer, and 18 Peny weight ot Allay. 


DEFINITION 2%. 


Tf any Ingot be finer then Standard, it is ca 
led berter , if courſer worſe , and this betrermeſi 


and-wor ſeneſſe 35 reckoned by Caretts and Gram .. 


=” 42Y SD ho « 
- 2 © > 3- 


| I Gold, and by Peny weights in Silver , and is 


"x0 ether ſhall produce a Lode or Maſſe which 


by multiplication of the berrtezrnefle or 


ſummed o 
worlenefle in th2 pound weight,or pound wetghrs 
"of the Ingot, 


DEFINITION 23. 


The Temper 1s that which when two or more 
quantities of Liquors, or Herbs, or Minerals, or 


'any thing uſed jn Medicine, of differing degrees 


of Heat, Cold, Drouth, or Moiſture, are mixed 
together, ſo as the whole Mafle fo made by mix- 
ing haye none of theſe four Qualities. 


NO.TE. 
The Standard and the Temper differ in this, 


the firſt reſpecterh but two qualities, to wit, bet 


ter and worſe: the latter reſpeCts four qualities, 
namely, hor, cold, dry, and moiſt : yet the Mix- 
tor dealing but with two of theſe at once, that 15, 
ſuch two as are oppoſite, as are the two frlt or the 
two laft mentioned before, or any two which 
are alike, as both better, both worſe, both hot, or 
both cold, may uſe the fame way m both, 


Prop, 1. 


If there be two Ingots of equall weight, the 
one better then Standard by a cert ain fineneſſe, 
the other as much worſe, thoſe twe Ingots molten 


_Y 


Let the firſt [ngot b be better by c. 
The Second [ngot d worſe by f. 
And let it be b = dande=f. 


Mulriply 6 by c it gives 6c qual to all the 


betternefle- of the /ngot th. By Def. 2. 
Likewiſe c f 1s equal xo all the worſtneſle, 
but 6 c = dF. 
Therefore the whole F#ſion b + c is aſmuch 
better then ſtandard as wore. 


Wherefore it 1s neither better nor worſe, bu 
juſt Standard finenefle, 
Prop. 2 


If two Ingots to be molten differ in weight, 
quality,and degree of quality reciprocall ”, ay 
5, if as the weight of t he firſt , to the ws by 
rhe ſecoud , ſo the degree of worſtneſſe of 
cond to the degree x e of the firſt 5 i, 
whol: fuſion hal be Standard fineneſle, 

Lerthere be quantity 6 betrerby ©, 

And quant1 ty @ worſe by Le 
Andl:rnbeb' d”" o*' c 

Therefoge be = d g Excl. 6.16. 

Namely all the betternefſe equal to all. th: 
worltnefle, and therefore the mixtureof the maſk]? 
neither better nor woiſe, The fame argument 
will ferve ifthe Propiſirioz had been in Liquar 
to proye the mixzure to be remperate, 
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| Prop. 3. NY 
D | mn be two quantities of Silver or Liquor, 
of divers qualities, or divers degrees of the ſame. ' 
qualitie, if all the betterneſſe or all the worſt- 
neſſe, all the heat, or all the cold be found our by 
multiplying each quantitie by its qualitie , and 
taking the difference of t hem if they be oppoſite; 
ich} 97 the ſumme of them if they be alikg; that diffe- 
rence or ſumme divided by the ſumme of the 
bu | quantitie, gives (as ſome call it) the forme re- 
fulting or the degree of betterneſſe, worſtneſſe, 
heat or coldof the whole fuſion or mixture. 
Let there be quantity 6 hot 1n g. 
And quantity d cold in h, 
bY Then b Fg is equal to all the heat of 6. 
be And d hequal to all the cold of d. 


7 be >4b then ZE — #2 is the degree of the 


form reſulting, Hot, Orifb g<< 4b, theu 
CL is the ſame 1n coldnefle, 


Now although this 1s plaine from Def. 2. be 

cauſe all the heat 6g — 4h, or the coldneſle 
404>—b g ofthe whole mixture, ariſethby mul- 
ae | Plication of the ſeyerall qualities by their re- 
ono beRtive quantities, and therefore that whole 
yors teat, or whole cold divided by all the weight of 
.'| ie ſeveral quantities, gives the quotient equal to 

| fie degree of heat or cold of any part of the 
+ Fights, which in reſpe& of the whole weight 


; 1 ONe « WNRICN Genfr Ix NEAT NETC — 


by —dh TFT; 
> ——— being multiplied by the whole weight | 
b +4 M 
namely by 6+ dgives by "__ 4-bxthat is all the . 
l bg — ah pr 

heat of all the weight, and therefore — 
| it 

15 that which we call the forme reſulting, and 
dh — bg 


— —ifb g << 4h. Yet this may be further 
bd 
confirmed by that Rule given by Mr. Johx Dee, 
in his _Mathemati call Preface before Euclid, || bo 
The Rule which there he (heweth is this, t 
What propor tion 15 of the leſſer quantity toth | |, 
pad , the hd, is mn Mforancs be | 
tween the degree of the forme reſulting and 
the _— the greater quantitte ro the | At 
difference between the degree of the ſaid | W 
forme and the degree of the leſſer quantii, 


Here therefore let be b CS for that 1s free, 
Alſoltitbebg >dh. 
It is to be proved by the ſaid Rulc , anc 
| by — dl} bg 4d 
LS 2 ha oak NES ST pit 
b +4 b +4 

Multiphe the two hater by the comon denominz? 
tor 6-4-4, the firſt gives b g + b þ, the ſecond 
dg +dh, | 


And therfore b' d'” bg-þbh” dg +db” 
Mulciply the means it gives db g + 46 h, like- 
wiſe the extreams multiplicd is db g 4+-d46bþ: 
And therefore the Analogiſme which was to be 
h proved 1s true, by the 16. of the 6. of Euclide. 
"| Inlike ſort ifit were 6g dh,andb<d, 
it might be proved, that. 

| dh--bo” dh —bg” 
F i4* 5. EEE 
- b 1-4 b 4-4 
e | Laſtly, if gand þ were like qualities, that 15» 
both Hot, or both Cold, and 6 Cd, It is then 
to be proyed that 


b dh be — dbh'* 
19 47 —b+ "£7 $48 Eh 
ad b+4d b +4 
hr | And reduced b' d' bg —- bb” dg — db"; 
id | Which is maniteſt, 


__ _- Example in Numbets. 
Firſt, Let it be put 6="5, g=4, d=7 


ind þ = 2, 
Thenb g = 20, & d h = 14, & — —— — > 


Now becauſe the heat b g is greater then the 
tald d þ , the whole mixcure Fall be hor, and 
that heat ſhall be in the middle of the firſt degree, 
| (according to Mr, Dees Rule it will be 


2 hs# 


10c 
'$' 77 $3" 34”, for the' difference be 
tween the form reſulting which 1s hot 1n 4 and 
the greater quantities degree, which 15 cold 1n 2, 
is 25, likewiſe the difference between the le{- 
ſer quantiries degree, hot in 4, and the forme hot 
in E is 35 © So thatthis 1s right, 

Secondly let be b=5, g=2, d= 7, h==4, 
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+ 
OT CAPTIN Fiha=mnat 20097 
1N oppolite QUautics Þ and F +: —— —_ =7 
| wa le 5" TEL ; 
It will beg! 7” 4 —15 2 +1 4(for 3= 14, 
Thar is, 5' 7” 2+” 35 2sbefore, and the 
forme reſulting cold in 1 5 degree. 
3 Laſtly, let be b=5, $=4z 8s == 7,0 = 3 
in like qualitie, for example both hot ty 
. bg 4+ dh . q1 
then —— = 242 for the forme, W 


+4, 7 
And 5' 7” 33* 34” for the Anologilms | 
exactly agreeing in all caſes with Mr, Dee. 

And this 1s ſo plain that it needs not be exem 
plified in metals,1tnot being my purpoſe to writ 
- much ofthem nor of the Standarding of Gold 
and Silver, becauſe it is ſo neatly and fully done 
already in a little Treatiſe put forth in Anw. 
1651, by Mr. Job» Reynolds of the Mint. 
| Yer the Reader may take notice that ht 
which brings but common Arithmetique with 
him , may by ſome one or more of theſe three 
foregoing propoſitions, performany plain Prg 


(ror) 


"bleme that can be required concerning mixtutes 
in yaluable metals or liquors, For farlt 


= Rule. rx. 


If the weight of the maſſe be not limited , if 
tj - any quantity with any quality (which exceeds 
wet the degree of the greateſt fineneſſe) be given, 
7) | 4 like quantity of the juſt oppoſite quality, will 

cauſe all to be Standard or Temper. 


Ne Rule. 3, 


| Ifthequantity of the maſle be limited, and the 
two oppoſitive qualities given , then divide t he 
quantity of the maſſe ito two parts proportionall 
with t he qualities, and taking them reciprocall y 
the mixture ſhall be $ K29126 or Temper, by the 
| ſecond Prop, 


Rule. 3. 


| If there be two Ingots of Silver to be molten 
the firſt berter by a certain difference, and the 
ſecond alſo better not by the ſame difference, if 
each weight be multiplied by its betterneſſe, the 


: two produtt s added together make the betterneſſe 
py” the whole maſſe; which being divided by the 


| [mme of the two weights,gives the forme reſult- 
4 | ef the maſſe by the third propolition , which 


192) T 
maſſe may be made Standard by Allay as fellow} 
eth. 

As the fine filver in the pound Standard, 
Is to the forme reſulting: 


So #s the weight ef the maſſe, 
Tothe weight of the Allay, 


' Butthis Rule is not pertinent to the mixture of 
liquors, becauſe m them there 1s nothing agreed 


on for Allay. 


es = am  .» 


NOTE. 


If the two Ingots molten produce a maſk 
worſe then Standard, out of any Silyer which 1s 
berter, a quantity may be limited by the {econd 
propoſition, to make it Standard | 

But if there be given the weight of an Ingot 
worſe by a certaine difference; and the weight of 
the whole fuſion be limited, and the finencſle, 
whcher Standard, or better, or worſe; This Rule 
doth it. Multiply the weight by the worſtneſs,And 
divide the produtt by the betterneſſe of the Sil- 
ver to be added, the quotient ſhall be the weight of 
that to be added to make tt Standard, Andifit 
be required to haye the fuſion better, or worſt 
then Standard (but not worſe then ths Ingat 
given) 1t 15 calily done by taking more or leſſe 
weight ofthe fine flyer to be added, or .of more 
or lefle finenefle as the caſe requires, and which 
aceds no more then hath been {hefved. 


Is ws Wm WP © vw. © Or 


=, = a $3 


We 


ries, all that hath been '{a1d of two things miſci» 


If the fuſion conſilt of more then two quanti«- 


ble , 1s appliable to other miſcibles how many ſa 
ever, by repetition of the working with two at a 
time, 


Ptop. 4 

If there be three like ſolids equal in Magui- 
tude , and differing in weig ht, the middlemoſt 
being compoſed of ſome of the matter of the firſt, 
and the reſt of the matter of the third mixed, 
ifthe rett angle made of the weights of t he firſt 
and third, Minus the rectangle made of the 
weights of the ſaid firſt aud ſecond, be divided 
by the weight of the third want the weight of the 


firſt, the 2 uotient ſhall be equal to all the mat< 


ter of the firſt ( that isto the weight thereof) 
ich is contained in the mixed ſolid. 
Let the firſt be 6, the ſecond c, the third 4. 
And the weigh: of the firſt q, ofthe ſecond r, 
and of the third s. And the common magnitude 
Unity,and make 4 equal to the weight of allthe 
matter ofthe firſt contained inthe tecond, as a» 


foreſaid. 
at 
/ / 


And make q” 1” a . 


And 5'.1” r—4a' r—a” 


A \ | 


Therefore — is equall to allthe ſaid matter 

7 Ip | | 
the firſt, and to all of the third inthe 

. | 

Mixture, I mean to the Magnitude of it. 

a 1 — 4 

And oy =1 
g s 


Multiply all by q s (or firſt by q, and the pro- 

duQ by s) itgives 5 4+pqr —qa=9qs, 
That is, 5s 4 —qa=qs —qr. 

But 95 — qr 1s the Divideud required. 

And 5s — q the Diviſor required, 

qs —qr 


fk) 
And 4 <qual to the weight of the matter in the 
firſt contained in the ſecond, wherefore the Pros 
. poſition 1sproved, 


And =4 by the laſt Zquation, 


Example in Numbers. 
Put g=97 r=73 and s = 63 


qJ . bf ng 
Then ——— = 28 +, which is all ofthe 


matter of þ contained in c, 


Andthe reſidue 73 


- La 


— 28 33== 44 7. 1s all of d 
contained in c, | | 


” 
/ 7 Ta 7 RE 
Now 97 1 28 TOR: OG. moos 


a. 
"FP / as 3s / 756 ah Oe 
3 I 44 57 I07Li ba 2 
| I 
A $ — 4 
bi 95 + fe mo — =. 
q rY 


As it ought to be , the like proofe ſerves forany 
Numbers, 


' Prop. 5. 
If there be three like Solids of which the ſe- 


cond is compoſed of divers matters, to wit of parts 


|. mer, AMutatis mutandss. ' 


if the firſt, and parts of the third, and the three 
ſolids equall in weight, but wotin magnitude, if 
the reft angle made of the Magnituaes of the firſt 
«nd third, leſſe the R ett angle made of the v0 
Wudes of the firſt and ſecond, be divided by 
the Magnitude of the third want tbe Magnitude 
f the Fr » the Quotient will be equall to 
al the matter compoſing of the firſt , I mean to 
the magnitude thereof, which is contained inthe 
ſecond Solid . 


. The proofe of this is the ſame: with the for- 


Prop. 6 


If there be three ſuch Solrds as before in th} | 
fifth, andthe magnitudes of the parts compoſi , | 


I 
ound, if the magnitude of the parts of the fir 
ns Au the [\ 24 A fee by x _ 
zade of the firſt , the quotient is the weight of 

thoſe parts. 

For the common weight being Unity » A; 
the firſt magnitude 1s to its weight, which 1s unk 
ty ; So is the magnitude of the parts of the ful 
Solid, to the weight of the ſaid parts, (Not tort 
tein the fame form, but diftuſed in mixture, and 
compared in minute parts commenlurable wth 
the whole, 

Let the magnitudes of th: intire Solids be 
fs 8 h, and their common weight Unity » and 
Jer the magnitude of the parts of. the firlt com 
poling the tecond, be put cquall to e,' 

't 


Then f/ 1” &' — which — is the weight 
| e e 
of the ſaid parts compoſing, This is plain, 


Prop, 7. 

If there be three $ AM and the. firſt and third 
. compoſing the ſecond as before, differing all # 

weight and magnitude : if the rel angle Parat 
lelepipedon made of the weights of + firſt and 
third, and the magnitude of the ſecond (all nuF 
tiplied together) want the ref angle Paralleles 
pip*adon made of the firſt and foo (1 meant 
Weng 


—_— J7 
weights of them) and the magnitude of the 
third (all multiplied together) be divided by the 
ret angle made of the magnitude of theffrſt, and 
firfÞ the weight of the third want the reftangle m..de 
om of the weight of the firſt, and the magnitude of 
+ of | the third, the quotient ſhall be the weight of the 
parts of the firſt compoſing the Gs : which 
AsÞ weight mnltiplied by the magnitude of the firſt 
nl 4d the produtt after divided by the weight of 
art Þ the firſt, this later quotient ſhall be equall to the 
re magnitude of the ſaid parts. 
and \ Weight A. Be 
vichÞ Let the Solids be in T Þ & © 
Magaitide 6, c d, 
be] And f the weight of thÞ firſt, and put the 
nd weight of the parts compoſing of the firſt equall 


b a 


Therefore f' b” a* that is, as the 
weight of the whole firſt to its magnitude , fo the 
weight of part or parts of the faid firſt, to their 
magnitude, 

il} Now becauſe the-weight of the parts of the 
# | firſt compoſing the ſecond Magnitude g, are az 
4 | the weight of the parts compoſing of the thud are 
therefore g — 4. | 


| do — d a” 
Therefore ſecondly h ' g—a' of © : : 


Iltatis, As the weight of the whole thud, istq 


TO 
* the weight of the parts thereof, ſo is the Magri © 
' tude of the ſaid al ar , to the magnitude of the 

parts thereof, So then the magnitnde of the pars 
. of the firſt, more the magnitude of the parts uf 
the third, are equall to the whole magnitude 


the ſecond, 


bef 


| h 
Multiply both parts by fhthe rectangle of the 
denomimators, 1t gives 
+ hb a+ fdg —fad=fbc 
Thatis h ba — fda=fhe —fdg 
But f h'6 — fd Fis the dividend propoſed, 
Andhb — f d the diviſor deſired. 


==4 by the laſt equation, Þ ® 


| Butby ſuppoſition 4 is equal in weight to the || 45 

parts of the Compoſing the ſecond,wherefore } 

the propoſition is proved as tothe firſt part. a» 
And the ſec6nd part is manifeſt out of the firlt 


ba” ba 
Analoogiſmef ' b*' 47 ——to witthat — | 


1s equal to the magnitude of the parts of the firlt, 


Example in Numbers. 


| Lerthz weight of the firſt ſolid be 


"4 


of the ſecond 
of the third 54 
The magrutude of the firſt. 49 
.- of theſecond 5 
ol of the third 
' And the weight of the parts oft FP firſt 4 as 
before. 


Tnen 85” .49” at ne” 
- ” 88 $ n 
| Andg47 cOo—a" 487 TS —_— 


- + 


54 
#4 2880—488 
And therefore — Ly 


ra" 50. 


54 
Thar is the natal of the parts compoſing 


the ſecond taken together , mult be equal tothe 

.. | magnitude of the whole ſecond, 
Multiply each part by 85 times 54, that is by 

he Þ 459%- 
we | It prodnceth 

2646 4+ 244880 — 4080 a= 229500 
|| Thatis (rrduced) —1434 4 = —15 300. 
C And a =105553 


f. | Now the teQtangle parallelepipedon of 85, 54, 
and go, 1s 2-95co, from which taking 244800 
ich. is the rectangle parall:lepipedon _ 8 
6oand 48 ) there remaines — I5 you for the 


; Dividend propoſed, 


85 and 48, which 1s qo80, remains —147 


for the diviſor propoſed, And (by the haſt f 


15300 


1434 


ple in Numbers 1s cleared, | EI 
In the Aquation before hþ b a — fda =f he 
—fdgs the quantity 4 1s cafily found by this 
analogiſm, namely, 
hb —fd*' be —dg” f' a”, if ene mak 
hb —fd=mmandhe —dg =nn, 
And m'n” p*, for thmm' p"f' 
Upon the fam: way of reaſoning which hath 
been uſed in this Chapter, 1s grounded the Ruk 
of Falſe Poſition, and alſo that of Allig ation: 
For if the two degrees of the qualities of any 
fwo Miſcibles , be called the two falle poſitions 
and the two reſpective quantities of the faid 
Miicibles, be calf:d the rwo Errors, then the de 
77ee of the form retulcing is the true point ſought, 
For if any one would work by the Rule of Falſe 
and go th: neerelt way, he mult divide thed- 
ſtance betwixt the falſe poſttions into two patts 
proportionall wich the Errors, and the work 5 
thereby done ſooner then by the common way 4 
Crofle Multiplication, 


quation) =4, andtherefore the Exam- 


Asif itwere requiredto' part 48 juu (wo, alt © 


Secondly , If from the ReRtangle of 49 inf or 
54, which 15 2646 , be taken the ReCtangle 


7 


one of the parrs againe into 3,and the other ints 
qſoas the thirds of the one may be (in number) 
druple to the fourths of the other, Suppoſe 
40 and 8, and dividing 40 by 3,quotient is 
133,and 8 by 4 is 2, whole quadruple ſhould be 
w-|| 134, but is but $, ſo the firſt Error is — 5 4. 
And putting the ſecond time 3o and 18, the 
ſecond Error will be found to be 4-8. 
he Make therefore 84-547 40 —30" 8'6 7 
nf if this 6 -be added to the ſecond poſition 30 
Whole error we here worked with (namely with 
k| 3) the ſumme 1s 36 for the part required, and 
the other part 1s 1 2, 

And as for the Rule of A ligation , which is 
toadde all the bertrernefle and worltneſle of each 
ath || particular component ſeverally taken into one 
wh | fumme (which there is called the ſumme of the 
#: | differences; ) And then to worke by this Anla- 
ny þ gſmes vie, | 
0s | As1um of all the betterneſs and worſtnes mixed, 
aid Is tothe whole Maſs, or mixture to be mad: ; 
d- | 50 18 any particular betternels or worſtneſs. 
zh. | Toall that which is to be taken and mixed of 
Ile that reſpeRive quality, 

d- | Allthis being manifeit,ſhall nor need any proef, 


CHAP. 


1 As befote; Page 206, ſohere again, IT let hel 
Reader know that the word Magmitude 1n thy q 
Chapter , is to be taken for the number of {i 


parts or atomes of a Body, and not for a line qr 


Superficies. 


CHAP, IX. 


Of Menſuration, 

N this Chapter I ſhall demonſtrate little, 
"not intending to write much new, bur (for the 
moſt part) ſuch as hath been already exhibitedly 
eArchimeade and others, yet put here becauſe the 
Book ſhould not want ſomething for the Reader 

- which hath not read ſuch Authors, and for ſud 
as ſtand in need of the thing rather then the 


Pr oofe, 


; If there be a. Cube whoſe fide 1s be, anda 
Sph:re Whoſe Axis #e 1s equall to 6 c (whidl 
h:ce we put 7,)and an upright Cone 4d f, wholt 
baſe is af, equall allo to 6c, and its alritu@F ( 


= --7 7 I 308 


A 


or 


=o = = 28-2 0-3 


x s Then the ſuperficies of the Cube (being e+ 
6 quall 


quadruple to the 


to the Square b c f d multiplied by 6 is 294. 
2 And the a of the Sphere (being 


urcle #4 £0) 13 154, 


3 Andthe Superficies of the Cone 
(being made by multiplying the fide 
ad=+y/ 614 by the fſemicircumfe- 
rence #10 =11)is86 , and not>x 24: 
confiderably more , to which addi bs 
the ſuperficies of the Baſe 383, a 
whole ſuperficies of the Cone is 


4 Andiftherebe a Priſme, whoſe Baſe and 
altitude are ſeyerally equall to the baſe' of the 
Cube, or of any other ae Parallelepipe- 
don, the Priſme is the halfe of the Paralle\chipi- 
pedon 1n ſolidity, Excl, 12. 7, © 


5 And if a Piramis infiſt on the ſame Baſe 


| miththe Priſm, having equall altitude, the Pira- 


da 


ms 15 two third parts: of the Priſm, or 2 of the 
Parallelepipedon. | 


6 The ſolidity of a Cone or Piramis is found 
J ultplying irs altitude by 4 of the arca of the 
le, bs 


The ſolidity of theſe other is found thus. 


ud} * For the Cube, Mulciply the fide [7] by th: 


Juare of the fide [49] it gives the folidity of th: 


4 
. : 
4 
f : 


he, which is - 343- 


T 
- For the Sphere, Multiply the Cube 


« of the Diameter | 343] by 11, and di- * 
vide the product by 21, it makes the 1797 


ſolidity of the Sphere,which is kc 
- , : by 

The ſohdity of a Cylinder, whole 'Þ for 
Diameter and Alcitude are the ſame/ ſut 


with the Diameter of the Sphere, 15\ 2-6 g4 | me 
mde by mulciplying the ſuperficies of}{ 


the baſe [384 | by the altitude [7] G 
whereby the ſolidity 15 produced== eal 
For the Cone, Exclide having pro- the 


yed it to be thethird part of the Cy- 


linder, Exc.12. 10. the ſolidity there- 089; M: 
Of 18 ——— w— vey 
"y-4 Fragment. " 


The ſuperficies of -che Fragment of a Spheres or! 
found by multiplying the ſuperficies of the whol . 
Sphere by the altitude of the fragment , and dwr ld: 
ding the Produ& by the Diameter of the Sphen || 3: 
and adding to the quotient the ſuperficies of the anc 
baſe of the Fragment, ph 


The ſolidity of a Fragment ( lt ſe then half 
| a Sphere ) « found thus. 

From the Semidiameter of the Sphere, ſubtns 
the altitude of the Fragment , and by the remabiy F* 


4 
—— 


multiply the area of the Baſe”, and ſubrra& the 

| product from that which is made by tmiltiplying 
the ſemi-axis of the Sphere into the conyex ſuper- 
ficies of the fragment : Laſtly, divide the rel:due 
by 3, the quotient ſhall be the folidity:ifought 

| for, It the fragment'be more then halfe a Sphere, 
ſubtraCting this from the whole, the greater frag- 
ment 15 thereby had, | 

This laſt Rule preſuppoſeth the Axis of the - 

Sphere to be known; bur if it be not 1o,' it may 
ally be found by the following analogie. 
Let the altitude of the-fragment be + 

the emidiameter thereof c, 


"Fogg cc 


Make b' 6”. —— and make f = —- 
b » 


Then it is manifeſt by the x4 of the 6 of Exclide, 
| that 4+ Fs equal to the diameter of the Cucle, © 
ei} or to the Axis of the Sphere. 
ol}. It is manifeſt by the former work, that the So- 
iv/-þ idities of the Cone, Sphere, and Cilinder, being 
en 395 179% 2693 are in preportion one to 
thÞ] another as 1, 2, and 3, for the Cone 15 and the 
here of the Cilinder, but the ſuperficies of 
- | the Sphere and Cilinder are equal excepting both 
f | ti: baſes ofthe Cilinder | So 
So by that which hath been ſaid afore the Py- 
ali R's, Priſme and Cube of equal baſe and alti- 
fl We; are in ſolidity alfo as1,2,and 3, .. _ 
FR E z There 


There may be other parts of a Sphere beſide # 
thoſe which here are called Fragments, (nottof 5; 
{peak of thoſe which arc irregular & Multitorm)f| g/ 
which are ether Cones or-Piramids, whole baſes 
lie in the ſuperficies of the Sphere, and their Ver- 
tices at the center, the coddice of one of theſe 
is found by multiplying the third part of the 
Baſe by the altitude, (which here is the ſemiaxis) 
_. theprodudt is the ſolidity : Theſe fragments arc 
thoſe which are uſually called Solid angles. 


Example. 


Let there be a Piramis of three fides , whol: 
Baſe is 194, cquall to 4 of the ſuperficies 0f 
the Sphere, and the vertex thereof in the center, 
itiS plain enough that this Piramis 1s the eight 
part of the Sphere in ſolidity. 

Mukiply 6 z£ (the third of the baſe) by the 
& # premet 3 7£, the product is 22 34, which 
is the ſolidity of the Piramis, and multiplied by | * 
"8 gives 179 x equall to the whole Sphere, _. | per 


The like for Cones in thus caſe, 4b 


If the ſuperficies of the Baſe be not wholly _ 
given, if any three things be given (if they be 
not the three angles) the three angles may 
thereby be found. And then, the Rule (which) 
had from my learned friend Mr. John Lecke) 
If the exceſſe of the three angles above 180 deg 


d& 
to 
n 
: 
« 
ſe 
he 
s) 


ue 


be 2591 yr by halfe the Diameter of the 


| rather a Semicucle want the line c », | 


# 


Sphere, the ſuperficies of any Sphericall Trian- 
gle is thereby produced, 
_ ; 
£JAS, 
/" 8 
4: TIL 7 


This may be thus demonſtrated , let the ſu- 
perficies of the oblique Triangle 4 6 c be requi- 
red, from the greatelt angle c, let fall to the baſe 
«b, a perpendicular © z, produced towards f, 
and continue the baſe 4 þ li cut zc, produced 
In #, and 4 c produced in 0, then the triangle 
»f 01s equall to 4cz, being equiangular , and 
taying the ſides cz. and > eau, for either 
of them is equall to the diameter of the Sphere, 


NO\ 


6 424 


4 c 0b z,likewilc if the angle f c o that 15 aca, 
be multiplyed by the (aid diameter, they produce 
the ſuperficies f= 6 0, And both theſe ſuperficis 
arecqualto z b oy + ac z+f n0,that 1s toz 
fourch part of the ſuperficies of the (ſphere plu 
twice the triangle ae 2, | 
Bur bon 1sproduced bythe diameter mul 
tiplied by the right angle » z 6,wheretore the di 
ameter mulcipyed by the angles 4 © 2 5c 42 
. greater then. rh? ſaid -diamerer multiphed bya 
rioh: angle by twice the triangle a c z,and there- 
fore the angles ac 2 +c az — az c multipy- 
ed by the diameter, produce twice the Juperfici 
es 4c2 orby the {emidiameter, they produce i 
juſtly once. Md: 
Andoy the tame realqiithe angles 

be 2+c bz — b zc nuiltiplycd by the Radiw 
produce the Superficics þ cz, which added to 
Ac z make the whole 46 c, | | 

| Bur the angles 
4czÞEoaz—azibiz4tcbay—bui 
Are the ſame as the angles. | 
abc+bca+bac— 180d. which isthedi 
ference whereby the thrceangles given exceed 
two right angles, So that this exceſſe multiplyed 
by Radius as aforetaid, producerh the ſuperfics 
of the whole Triangle'at firſt given, namely abs, 
whuch was to be demonſtrated, 


Now-1if the angle at 4 be multiplyed by the L 
diamerer- of the ſphere, it makes the ſuperficies 


ks os nl wot. 2. —— og — [P_— — 


29 a . © ff -- © © @@. - 


| 4 


\- Mariy more ſuch things might be taken our of 


efArchimedes, as to meaſure the Superficies 
made by revolution of a Spirall line , and o- 
thers, which {cldom occurre to any vulgar uſe: 
And for that cauſe, and allo becauſe the recitation 
of them would not benifit the other fort of Rea- 
ders which know them already , I medle no 
further, but wall leave this Subject after one ſhort 
Rule for meaſuring Hogſheads or Barrels, which 
15 this, 


From the area of the Circle of the greater di- 
ameter, multiplied by the length of the Veſſel, 


ſubtratt the area of the leſſer, multiplied alſo by 


the length of theVeſſell, and take the third part 
of t he difference from the greater area. multipli- 


ed x the lengt h as before; the reſt ts the content 


ſought for, in ſuch meaſure as was the length, 


of the Veſſel, That is Inches, if thz Scale were ſo: 
of which 231 make a Wine Gallon, and 288} 
a Beer Gallon,or rather an Ale Gallon,according, 
to ſome accounts, but not yet reſolyed fully, 


Otherwiſe thus. 


Let the ſquare of the greater diameter in 
Inches be b b. 

The ſquare of the Jefler diameter in Inches cc. 

The lengwh in Inches 4. 

And l:t the content in Inches ſought for be. 
44 4, 


I 4 Th:n. 


224bb-114dce 


Then it will be A 4 lh => oocmnmen mmpmnnnce i 


42 | | 
Example, l 
Let it be þ = 6 
eE==3 
d—=10 
Then 22dbb—=79 23 0 
And I14cc=, 990 
Inall 8910 


Divide 8 9 106 by 4 2 the quotient is 2123, 
which 1s equall to a4 4 the content in inches, 
which was required, The very ſame number will 
come forth it one work by the former way , put- 
ting circumference to Diameter, as 23to 7, But 

-alrhough this ſhould be exactly true in one Vel- 
ſe] (which cannot be proved becauſe of the irre- 
_ gularity of the Veſſel) it would not be foin F , 
oth-rs, becautc of the irregularity (or diverſity) 

of this irregularity, 

In Mr. Spidals Extractions there are many || p 
Propoſitions of worth, and all undemonſtrated, | n 
I will therefore in this place beſtow a Demon- 
{tration on one of the hardeſt of them, whichs || i 
this. 

Lt ite requircd to diyide any Triangle, 3 
cng. 


cn o froma point without the Triangle as g, into 
two parts, of which one part ſhall haye auy pro- 
ortionto the whole , given between two right 
_ as here the linesc dande g, 


- By the point q draw q 4 parallel tothe nee- 
rer (id 


2 cx, cutting gc, produced, in a, 
Edake 49 co” 8e- cf”, 

) —_: 7 Fe ef, 

And part c f into two equall parts in the 


} point þ , and draw the Diagonall 6 h, And 

; | make he=6bh, Laſtly, draw the lme q e, 
Then I ſay the Triangle c » g 1s divided by the 

line qe into two parts cy eandmrng elo, that . 

35 cme 1s tothe whole eng, lo Bcdrocg. 


D E- 


DEMONSTRATION. 
Foraſmuch as the right line cf is digded into 
ewo equal parts, in the point h, and to it 1s ad- 
ded another line fe, therefore the ReQangle 
cef+hfb is equall to the Square heh (by 
Enclide 2.6. ) but he=hb, and therefore 
hb h—=cef+ hfh. But h c=bf, therefore 
h&h—cef+hch,and b ch+4-bcb =hbh: 
Take away hc h common. to both* Aquations, 
Then it is plain, that c e f=6 cb, becauſe either 
of theſe is equall to hbh — hch-: fotha 
ce' be” ef ©, Enc.6.17.Butac'be cf 
by conſtruction , wherefore ac f==c ef, and 
ſeeing by conſtructionitis aq” cn” cd of), 
therfore aqfc = den, & becaule ef” cf ” ac «" 
therefore by compoſition ce * cf” ae” cel 
butae* ce” aq” em  becauſethetwo ll 
are parallcls, Excl, 6.2, And theretore a q' c mw" 
ce! cf”, and aqfc= mce, but allo 
agfec=-ncd, as is proved before, and there- 
fore th: ReCtangles »c d=mce, and alſo the 
halves of them are <quall, namely the triangles 
ndcandmce, but the Triangles » dc and ngc 
have that proportion as haye their Baſes, c dand 
cg, Wherefore mce' ngc” cd" cg ', and 
the line 2c is drawn from th2 point q which was 

to be proved, 
_ I know this 1s demonſtrated by others already, 
- but I may atwell inſert a Demonitration difte- 
ring 


wo -—«= &A wwe HH ow _v_: .,.vz4ctqz ,q, v* ry FOI Ae 


ring, as Mr, Spidall might write the ſame P:opo- 
ſition without proof, 
Some Corollaries might be deduced fromthis 
Propoſition, by conſidering the yarious analogies 
therein, which I leaye to the inyention of the 


Reader. 


Now if it were required to draw a line from a 
point given without a Cucle given, through the 
Circle, 1o as to cut off an arch equall to anarch 
given, that may very eaſily be donein this man» 
ner, 

The Circle c 7 dbeing gi= 
yen, and a point without T4 9” I. 
itat 6, let it be required }. ] 
todraw from bto the in- \' 
ner Circumference at c, 2 
line 6 dc, ſo as thatthe 
arch thereby cut oftc rd, 
may be 2quall to an arch 
given, for example, to 1206 degrees, 


From b draw the tangent 6 r,and make b y== c 
cd=b 
db = 4 
Then it will be 6+ 4” c/' a”, Euclid 3.36. 
Therefore aa +ba=c c, Euclide 6. 17. 
Wherefore a may he found by the firſt Rule for 
plain Equations, Chap.2, 


CAAP, 


. CHAR.-Xx, 
I Hc ſuperficies of an Ellipfs may be eaſily 

. foundas ncer th2 truth as that of a Circle, 

| becauſe it hath been proved by diverſe to be a 
mean proportional between th two Circles des | ® 
ſcribed ſeverally upon the diameters of the Ellip- 
fis, and 1t 15 almolt axtomarically eyid?nt by f 
meer in{peRion of the figure following, a 
And therefore it is as eafie to give an Elliphs f 

in any proportion to another Ellipſis, as to de- 


ſcribe any Ellipfis at all. tl 


8.7 vo & 8 C d 


As for Example, Let the greateſt Diameter of 
the Semi-elliplis ad c, be 4 c = 28, then the k 
lemicurcle deſcribed thereon thall be a b c = * 
and let the lefſer diameter of the ſaid Elliphs be 
2 do or = 14, 

Laftly, ler it be required to deſcribe an Ellipſis 
Which thould be to the Ellipfis a d c, as 1 to 4. 
Upon the line ac from o both wayes, ſet off 


= VM 
\% '3- 


foand go, each ofthemequall to do, and divide 
40 into two equallparts in h, then deſcribe the 
Elliplis which ſhall paſle by the three points f;þ,v, 
: | Ifay w_ the Ellipfs f þ g isto the Elliphs & Y; 
2$ I tO 4, 

For ſeeing the Circle 46 c 15 to the Circle 
fdg mn diameter double,theretore a b c = 4 fag, 
and of what parts ſoeyer abc is 16, of thote 
s | fdgſball n-th.1-< 

And ſeeing the Elliphs a d 6 is a mean betwixt 
them, the ſaid Ellipfis 1s 8 of the fame parts. 

Again, by the lame reaſon the Circle fdg is 
quadruple to the Curcle » þ þ, 

Theretore of what parts ſoeyer fd g is 4, of 
thoſe » þk, ſhall be 7. oy 

And ſee ing the Ellipfis f bg is a mean berwixt 
them, the ſaid Ellipfis 1s 2 of the ſame parts, 

But the Ellipſis given ade is 8, 


And 2! 8” 1' 4”, which wastobe 
done, 
In like fort having duly proportioned the Dia- 
; | meters of Circles, may be made Ellipſes, in any 
” | proportion one to another, or in any proportion 
; | to a Circle given, 


bl 
| And the works may beproved by induRiion, 
© | a5this alſo might have been, for ſeeing the circle 
. 8b c=616,the Circle f 4g = 154, the Ellip- 


lis a d cy a mean betywixt them, muſt be = 308, 


Agamn, 


. Again becauſe the Circle f dg =154.. 
And the-Circle .. #»hkh —0382. 
 TheEllip6sf þ g being a mean berwixt them 
pumtbe =77- 

But77 3087 1' 4*, &c, 


NOTE.1 


Herein I make uſe of that proportion which 
is kerwixt 22 and 7 for the Circle to the Dia- 
meter for calinefle in accompt, imall and whdle 
numbers being alſo better. attended ard under- 
ſtood ſooner by the Reader; and for no other 
cauſe : th2:morc_ exa&t proporrian being as 355 
to 113, or (which 15 more uſed) as 360 to 
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NOTE. -2 


Hence it is manife that the Content of the 
Lunula 44 & c comprehended by the Circle 4b c 
and the Ellipfis 4 dc, (being according to this 
account halfe the Circle a 6 c, that is 3e8, ) As 
alſo the mixed figures ad f and cd g (being 
here the reſidue of th? Semicurcle fdg, tg the 
Semi-Ellipfis a 4 c) thay be found our as exacthe 
as the Superficies of 4 Curcle, with which, until a 
further diſcovery » we muſt be content,  AndI 


have here noted 1, t9 ſhewrthat inveltigarion is 


nat yet to be contemitedy as if th> thing ſought 
ſc 


” CGH -- = ((o. 


: were (not onely impoſſible but) uſcleſſez wheri 


may be here uſcfullto ſome 3 and it is as follows, 


ſo many neat Propoſitions mighe thereby be ſtart- 
ed, as would (although not ſo abſolttely neceſſa- 
ry tor preſent uſe, yer) delight the modeſt eye 
with the noyelty, 


NOTE, 3 


Moreover if the ſaid Lunula a d b c were com- 
poſed of two Circles , there might be a reQtiline 
figure given equal to the ſuperficies thereof; That 
is, if the ſuperficies ofa Cucle a4 c , were dou- 
ble to the ſuperficies of the Circle a 6 c, the lines 
«b, bc, being drawn, the triangle ab c, would 
be equal to the Lunula 4 db c; as might be pro- 
ved if it were not eafie, and well enough known 
already, | 

So that ſome figures of crooked lines, either 
differing in kind, or in quantity may be equalled 
with ReRiline figures, or numbers; And yet 
where Circles of equal quantity include any Lu- 
nula or other figure, this cannot yet be done; 
So thinne is that Curtain which is drawn þe- 
tween us and our deſires, 


NOTE 4. 


Whereas in the former figure, the making of 
the Ellipſes, adc,Fhg; 1snot ſhewed; this 


to the diameter of a Curcle & b c, namely, to the 
right line 4 c, the other Axis to be taken at plea- 
- ſure according to the occaſion; having here af- 
figned the line do for the halfe of the lefler Ax- 
is, draw from the Curcle t9 the diameter ac per- 
pendiculars as many as you pleale, Then laſtly, 
dividing each perpendicular into two parts pro- 
portionall with 6 dand do, in certain points, if 
by thoſc points ( of which the more, the betrer ) 
4 line be drawn with an even hand, that line 
ſhall paſſe alſo by the point 4 and be the Elliphs 


required, 


Otherwiſe, and more for Mecchanick, uſe. 


Having choſen the two Axes 4 c,and 2 doand 
made them - cut one another into .two equal 
parts, and at right Angl2s in th2 point 0; take 
th>halfc of ac, and apply it both ways fromthe 
point 4, rothe Diameter ac nx and y, thenun 
the points x avd y which points x and.y areca 


led thz burning points, tix two pinns, of Iron, ot- 


wood(as the greatneſs of the Plain ſhall requue) 
And upon the Plane place a ſtring that com- 
paſſing both puns ſhall reach juſt ro the point, 
or c, { forall isone) and there faſten the ends 
of th: {tring :og2ther by a knot or otherwiſe, at 
which knot holding a Pencill, and carrying the 
Pencill round upou the Plane, about the punus 


The our Axis of the Ellipfis being cquall | 


© j, 
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is, - of woes 


with the ſtring allways ftraight, the Ellipfis | 
(whoſe halfe is a dc ) ſhall be thereby deſcribed. 

Moreover (alchough I will not meddle much 
with this kinde of Geometry) ſeeing theſe things 
wealready richly treated in Greeke and Latiney 
and not much more then named in any Engliſh 
Book that T haye ſeen, I will write alittle here of 
a Coney and all the Sections thereof, comprehen» 
&d in one figure, and after.take ſome prochel 
Definitions , and one or two' wayes of deſcri- 
bing the Sections, and drawing tangents to 
them, and ſome few other Problems out of 
Clandins Iidorgins, not word for word, but as 
«ſhall ſeem conyenient here, 


CHAP, XI, 
Definition generall of a (one. 


_— is 2 Solid Body made by tunung 4 
Triangle round about upon aPhin, one 
fide remaining alwayes in its place ,'the ſecond 
ſide deſcribing a Circle upon the plain , the third 
fide deſcribing the ſuperficies of the Cone um the 


aire; the firſt ſide is the Axis, the Circle, the Baſe, 
and the Vertex of the Triangle is the Vertex of 
the Cone. As let the plane Triangle 4 6 © repre- 
ſent half a Cene, which is made by the Motion 
of the Triangle 4 6 x, about the ou 4 xx, the fide 
x b deſcribing a Circle upon the plane 6 c, of 
whieh c is the Diameter and doth here repre- 
ſent the baſe of the Conc, which addedto the ir 


Ss = x 
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13t) 
gerficies deſcribed by a b, moving abour inthe 
aire , conpoſeth the whole ſuperficics of the 
Cone » of which 4, is called the Vertex, or top, 
And if the Angle 4x 6, be ( as here }aright An- 
gle, the Cone is called an wpright, ue 
Scalenon, either of them may be. cut by Sundry 
Planes, as firſt by a 'Phane palling throughthe 
Venex 4, and perpendicular to the plane of the 
Baſe b c, and thus SeQtion in upright Cones is aw 
lofceles Triangle,in the other Conesga Scalenon 
Trig ngle, except it be 46 == bc, forthen ip-up» 
right Cones the Seton is an Equilateral Trian= 
ple, in Scalenon Cones an Ifofccles. 

1. Now let this Triangle 4b c repreſent halfe 
the Cone as aforeſaid, and then if a plain, as 
eboat touch the Cone all along from bto a, 
and make right angles wikh & c Fe diameter of 
the baſe, and again, another plain f 4 parallel 
toebo az, cutthe ſemi-cone & 4 c, the' iefion 
ir in the ſuperficies of the Cone is halfr a Pas 
rabola, the other halfe underneath, if the Cone 
deſuppoſed entire, and is not: to be projected 
in plans, | 
| 4 Again, if the Semi-cone b a & be cut by 
mother plain g k.z,, parallel to the Axis'4 x, the 
{e@tion, m the faperficies of the ſernicoue, to 
we gk, fhall be: halte an Hyperbela, and the 
like forthe other halfe underneath, if: the Cone 
were ſuppoſed intire, and further, whatſoever 
Mia cutting the Scmicone as aforeſaid being 


(132) 
produced ſhall concur witb the plaine 64 pros 


\ 


duced towards z. \ | 
Thirdly,If the {ajd Semi-cone be cut by a plain 
#ph, neithzr!of the former wayes, nor parallel, 
nor ſubconrary to the baſe, the line in the ſuper. 
ficies, namely # h is a Semiellipſis. 
Subcomtrary polition is that where two like 
triangles are joynedatan equall (and then yer- 
ticall) angle, yet have not their baſes parallel, 
Laltly, if it be cutby a plain /or q parallel to 
the plain of the baſc, the ſe&ion or is a Semi» 


circle, 


Definition 1. 


Oppoſite Settions are two Hypetbola's in op- 
polite ſuperficies cut.by the ſame plain. 


Definition 3, 


The Vertex ofa SeQtion isa point in the greats 
eſt curvature thereof , but more generally the 
point where any diameter cuts the-SeQion , and 
where the Axis cuts is called the higheſt Vertex, 


«7.  Deſtmitien 2. 
Any two lines applyed within the Section, and 
equidiſtant, arc called Ordinarely applied, in te- 
ſpect of ſome diameter which divides them.into 
two <quall parts, ha ji 
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Definition 4. 

Any line drawn fo as it cuts the ſetion , and 
divides the Ordinates into two equall parts, is 
ln | called the Diamerey'of the SeRion, and-if it di- 
vide them as aforeſaid, .and at right angles, it is 
the Ax, and ſo much of the Axis ordiameter 
we | #5 lies berwixt the Vertex and any ordinate 1s 
called (in reſpect of that ordinate) the intercepted 


© Axis, or imtercepted Diameter , and thoſe two 
diametets which mutually divide lines applicd in 

to | ' 

. | the Section and parall:l to the Diameters, into 

i- | | "RY 
two equall parts are calied Conjmgare diameters, 
of which , as likewiſe: of the oppfite Sections, I 
intend to ſay no-more in this TraQ, 


| Definition 5,. 

The tranſverſe Diameter of an Hyperbola, 
54 right line in the intercepted diameter conti- 
(* } ned without the Setion , and 1s cquall to the 
double of that line intercepted betwixt-the Vertex 
and the-center, and conneRs the Vertices of op- 
» | polite SeRtions: In an Elliphs; or Circle, it 1s 

any whole Diameter: in the Hyperboka and El- 

liphs, if it be the continuation of the Axis, or the 
d | Axis (in the later) it is called the trawſverſe 
- | Axis, But the Parabola whoſe D:iameters are 
all equidiftant, hath-no tranſyerſe Diameter, nor 
any center, 


— 


Definition 6, 
ie Certer 15 a point where all the Diameters 


w y 


Definition 7. | 
The Figwres of Hyperkna's , and Ellipſe, 


and Circles arc paralleligrams included berweer 


the tratiſyerſe Diameter, and the contiguous Pe- 
rameter, of whico thoſe arecalled tranſyerſe ſides, 
and thele Coefficients by ſome, 


. Definition 8. 

 Thefaid Parameter is a right line qrawhto 
rouch the Seftion ar the "end: of the antercepted 
Diameter, ro which all the Ordinates are paral- 
Jel, —— to which they are compared, 
and valued, which1s therefore called juxta quan 

ſunt: and if it be contiguous to the Axis, it 
1s called the right Parameter, 


Definition 9. 
The ambilicins, focus, or burning point inthe 


Paraboka, is 2 point in the Axis diſtant fromthe |. 


Vertex by a fourth part of the right Parameter, 


| But mn the other two SeRions , the burnung 
points are aſſigned in the Axis of cither SeRtion, 
diſtant from exther end of the tranſyerſe axis by 
the Jace of a rightline that 'is the ſquare rootot 
the fourth part of the figure produced by the {aid 
tranſyerſe axis, and the right Parameter , whic 
applied to thetranſyerſe axis is in the Hyperbol 
excedent in the Elliphis deficient, ©, » 
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The ſame points in any Ellipfis whoſe diame- 
ters or d1ameterare given, may calily be found 
th: mechaniqne way of deſcribing an Elhpſise 
the before ſhewed, Wherein allo it 15 plain 
that theſe paints are as it were Centers proper tq 
the generation of the Seton, 


—_— 
—_— 


CHAP, XII. 
Of the deſcription of the Set ions, 


MI.” areth? methods Geuerall and Speci- 
LY Jall, which Afidorgins ſhews to deicribe 
theſe three Setions, Iwill only mention one 
or two, 


I, Todeſcribe a Parabola abous any Diameter 
given with one of the ordinate lines. 


Let the Diameter givenbe 4b, andlctb c be 


one of. the ordinate lines applied unto it , by 


which the angle 4 bc being given, joyn 4 and c 
by the right line ac, And let ab be divided 


into as many parts as you pleaſe, and through 


every ſuch gdiyifion draw right lines parallel to 
þc, and produce them, and make dk=y/ bc 
in dg, likewiſe eſ=ybcineh, and 
fm=/ hcinfi, andſo of all the reſt, and 


the points c, k, /, #9, a, &c. ſhall be all in th* 
"lame Section, fo that a line drawn with an even 


hand by all the faid points , ſhall be by che firlt 


K 4 Prop. 


"Prop. the ſecond of Midorgius, the ParabolJ 'n 


” - 


required, 


| And be onthe one fide, is equall robc on 
the other fide, becauſe by ſuppoſition , that, and 
all the paralleſs to it kd,le,mf, &'c, atethoſe 
linzs which are called Ordinates, ar Ordinately 
applycd, and ſo a4 in reſpect of b c, alſo avin 
reſpect of /e, &'c, are the intercepted Diame- | ' 
ters, or if the angle ab c were a right angle, the 
intexcepted Axes, Def.q. | 
And if you make ad * 4k” ag”, anddrav 
4 q paralle] ro dk, then 49 ſhall b the contig 
\ous Parameter in reſpe& of the intercepted dur 
meter 4 d, and {0 may the Parameter by 4 b,0 


— 


bok | "any other "diameter given , be found, and there- 
forethe Parameter aq only being giver, the Par 
 rabola by points may ealily be deſcribed. | 


2, eAbout any Diameter , and one Qrdinate 
line, to deſcribe au Hyperbola known 
im kinde + 48 pl aiy by points. 


Let 46 bea diameter of the Hyperbola, and 
þcan Ordinate to it, a) 2 the angle 
pivens abc, and fet the Section be of ſuch a 
| inde , as that the. tranlyerſe diameter to the 
contiguous parameter may be as r tos, 


Make ab' be” bd”), Ands'r? bd*% þt 
and joyn the points 4 and e, and in the line aj 
take points how many ſocver,and by them point 
ho £5 t» &c. draw lines parallel to bc, as fh, 
gm,ti,Gc, the mare,the better, and makir 
the triangle de 4 compleat ; produce theſe pa 
I:ls both wayes to the fides de, inthe points 
bh, =, i, &'c. Laſtly, making fk, gd,tl, &c, 
the ſquare roots of the reangles «f h, a gn, 
ati, &c, the points k, 0, and /, ſhall be in 
the Hyperbola 'required : per 5. of 2. Midorg, 
And therefore a line drawn with an even hand 
to paſſe by the ſaid points, ſhall be the Hyperbola 
required, | 

And the rranſverſe Diameter thereof is the line 
&e. Wherefore, by th: Propoſition, if you make 
.munr's” ac” ax", then «:x ſhall be the con- 
tiguous parameter to the intercepted diameter ba, 
ſuppoſing it drawn parallel to 6 c, fk, g 0; &c. 
Def. 8. | 

And the lines fk, go, t/, are all of thoſe 
which are called Ordinates to þ a, Def. 3, 


3. eAboxt 4 diameter given, and an Ordinatt, 

\ to deſcribe by points in a plain; ax Ellipþs 
known in kinds. 

| Let &6 be any tranſyerſe diameter of the 

Ellipfis required, and c 4 one of the Ordinates 


drawn at any angle given, as 4c 6, to deſcribe 


3s aforeſaid; &c. 


Www = cho - 


> om + ww > et 


; "Make the reftangle 6 c e cquall to the ſquare , 


-- = 


e' Lil | 
i| of cd, andby: 4 and e draw theline 4c, and pro> 
bs dps wo pn is, ſo faras till it meets with bf, 
þ | being made | 60924 rocd, andin a6 take other 
ints g þ, through which draw lines parallelev - 
Ki N-Latty, © evly ReRangle b gt, b bly &c, 
No , 
c 
by 
in 
? 
gf! 
ne 
ke 
N- 
hy 
' 
ſe 
te, 


fs | make ſquares equall, as the ſquare of hk equall 
, tothe BA. and of þ' ms to the latter ReRangle, 
he | 2nd ſo as many as you pleaſe; the points #9, k.52, 
ſhall be (by the 3, ofthe ſecond of Afidergins 
inthe ſame Ell: Ap 5 46 isthe tranſverſe 
Mameter | & f the contiguous parameter, 


' « Wherefore a line drawn with an even hand by | 


"red, 83 £02 £8 
COROLLARY. 


. .. Hence it is evident, thawhaving the cranſveſs 
diamcter of an Hyperbola, or an Elliphis, the pa- 
rameter contiguous is calily tound by applying 
any Ordinate - to the Diameter, as & Ly and 
drawing a parallel to it from #, for making 
bo' kg” ig” a line drawn from a toi 
ſhall meer þf 1n the point f, ſo as it ſhall there» 
by determine the parameter 6 f in the Elliphs, 
and the work (though not the letters) 15 the ſame 
in the other, | 


RULES. 


In a Section given; the Diameter is found 
applying two ordinate or equidiſtant lincs divi- 
d:d both into halves, through which diviſions 
the Diameter mult paiſe, Def. 4. 

Secondly , drawing two other equidiſtants 
different in ſituation from the former, and divi- 
ding them as aforefaid, you haye another du- 

:; Metcr, 

.'- Thirdly, produce both, and whrre they con- 

- cur is the cemter of the Section. Def.6, 
Fourthly, Produce thent till (in the Hypete 

-bola) till the ſpace berwixt th? Vertex and the 

[Center be doubled, that doublcd ſpace is the 


5 


” 
Fw } 
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(141) 
tratiſyerſe diameter: the Vertex is here tneant 
x large, for that point of the Section through 
which the diameter paſſeth. Def. 5. | 

Fifthly, Having the center, an arch of a circle, 
any where within the Sectzon, biſected , gives a 
point by which from the center mult pale the 
Axis, Midor.1.54, | p 
| Thave ſhewed already how the burning points 
may be tound in an Ellipſis. Def.g., 

Sixtly, In the Hyperbola let the tranſverſe 
axis be 6, the right parameter © produced till 
it make x cquallto a mean betwixt them, biſe& 
this mean in 4, an arch diawn trom 4 tothe axis 
(the center being the center of the Section) ſhall 
there give the point deſired. Aidorgins 1.58. 

The burning point of the Parabola is obyious 
by our of the 9.Def. 


| To finde the Axis of @ Parabola. 


_— 


> 7 0.00 =o © >» + 


Seventhly, Becauſe it hath nocenter, bur all 
the Diameters are parallels, finde any one dia- 
meter by help of rwo ordinates, as aforeſaid, and 
t01t within the Sceftion draw a perpendicular, 
which being preduced both wayes juſt to the Se- 
Rion, divide into two equall parts, and through 
the poant of that diviſion , draw a line Iro 
the diameter found before , 'that parallel line is 
the axis required : The thing iso cafic innceds 
lo Example, (54 646 


142) 
CHAP, XI11. 
To draw 4 tangent to any point aſſigned in any 
Seftion, or frons any point without the Seftion, 
Ot to trouble this little book with two mas | & 
ny Figures, let the firſt Figure viz. of the | i! 
Parabola be here _—_—_ which may ſerye by 


On CO 


. 


ſuppoſing the Diameter 4 6 to be the Axis, Se 
Hr: 2 | 2 
 -.- S . i 

be 

firt 

| 5 
de 

of 

{ / the 
4/ toy 
| 
| he 
fro 


Furſt let ir be required to draw a fine | © 
totouch the Pargbols in the point mw, and | ,- 
from a draw # f perpendicular to the Ai 
produce: the Axis þ: 4, to 2, making 4 » ==# 
and from zto mm, draw the pricked hne 3%; 3 


43 NE”. 
5 of the firſt of Midorgiad 


aid line & »%, is by 5 
the Tangent required. 

If the point »» , had been coincident with 
, | be point 4, 2 perpendicularto 6 a, in.4 had been 
! the Tangent, per, 17 of the firlt Ejnſdews. ' 

" | Now {et there be a point given withourthe 
- | &&ion, ( not inthe Axis) at x, from which ler 
1: | be required to draw a line to touch the SeQtion, 
y {| From x draw xp parallel ro 46 cutting the 
' | &Rion in ſome point, as here at =, 

And draw the Tangent z m», as aforeſaid and 
make 9 p=m7 x, | 

And from p, draw a line parallel to x ms, cut- 
ting the SeRion in 7,and draw x r,then x r ſhall 
-' Tangent required by the faid 55 of the 


Secondly, let it be required to draw a Tangent 
toany point in the Hyperbola 4 ac, which ſhall 
te repeated here alſo, wherein let the Diameter 
of the Setion 4 b be ſuppoſed to be drawn, and 
the line g 0 any ordinate, and the point oto be 
touched by a right line to be drawn as follows, 

Having found the Center y, as is ſhewedin 
the former Rules, make x g * 5 4” pr * ,laftly 
from w 0 _ the line roq for he Tangent 
require tto53.1. | 

And 72 by pra. of the work,if the point 
rwere given without the SeRion in ſome Dia» 
44 | eter or Axis, there might from thence be drawn 
right line to touch the Section in ſome place, 

e it datÞ  NOLS 


4X.) | 
NOTE. 


+ = © 


If the point to be touched were in n theSe&tiony 
and in the vertex 4, then by finding anche 
diameter, another Vertex comes 1n place , and a | 
inreſpect of this other Diameter will be a point 
in the SetiO-n, and a tangent to 1t as cakily drawn 
aStoo: As may be keen in Fi Fe 

Thirdly-ler the Ellipfis # & 6, be here repreſent | 
ed, and }:t it be required trom any point giyen 
1n, or without the Section;to draw a angent, 

Firkt in the Scion at »; And from,» to the 
other lun> of. the Seton, draw here allo any | * 
line as #2 ,and divid: it into two equal parts in | \ 
the point 5, and finding the center g,draw by g, 
and þ, the D jamerer a þ and produce it, making 

h' g a gx": laſtly, from x draw x» 
or th: tangent required, | 

Sccondly , It th: point x had been ewe 
without th: Section, and required from thenet : 
ro draw a Tangent to the Section in the paimn | +. 
or where it falls, by canverfion of the work. | 
Make g x* g 4 ” fo have you the pouſt ha 
o, from whnch a a to 6 f. gives the point 1, | ÞAl 
wh:re a line drawn from » ſhall couch the: Se] if, 
ion, 

The working of theſe things in an Ellipls c 
the fame as in the Hyperbola, only (rem will 
ro them that nes not fully G went 


ny 
1 
0, 
1g 
1 


ven | 
111 BI | | 

. And if þ, or any point within a Section be 
Yeny and required through it to draw an Ordi- 
ft «44 > patapcd be eaſily done, becaulc it muſt be 
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given, and 
to atangentatthe Vertex 4. 


cedter autranſverſedianierer of the Ellipfis lies | 
Hyperbola without the Se- 


&-| Any Softion given,to find thar diameter thereof 
which ſhall make an angle with the Ordinate 


ml 


© 10 it, equall to an angle gioen 


che SeRion given bea F arabola;finde in 
uneter, and from the end or yenexthereo 


F 


drawatight line toche-Seftion, mgjzipg. an-ath | y 
my {aid! diameter cquall ec the. ; : 

- given,to which if a parallel trough the | 
; ofthe other right linebedrawn , that parallel yJ y 
the diameter required. | | 


Let there be”given therefore the Hyperbols 
b ac, andthe angle- z,, to finde the diameter 
eg, Which with the Ordinate « f ſhall make 
theangle/eg a=z. . Finde- thetrauſyerſeaxi | 
4d, and the. centey e,, and upon: 4 ddeleribe (by thy, 
the: 3:3::of! the: 3. ot Extlide:)) a;pottion of's by 
. Circle df a capable of nvonglonenlie AY | 
'draw:d fand. af ,. andthrough the.raiddle7 of.af Ian 
draw eg the diameter. required, . _ 
The work is altogether. the.fameinan Elli 


only the-leflex. axis 15 robe uſed, Aiderc 3.694% 


- 


4 


: ry Hyperbula bevy given 5-10" flend#'r "11-4 


o bs w 
* 
wn 4 
« 


© eAſpmpron | bs " 
| Kihde ay diatictet of” the'SeMion), as 4 
dd" the” center ef arid He rabbit diameter 
w,4hd by the Velk&c# dfaly thi patamete?" at; 
ofitrogons to'rhe'diitiviettr a; that'is, touckitig* 
kkSetion in theVertct 2, arit*urito the 'reR- 
091% or parallclogtant map, make tht Sevart or” 


ole 
cer 


my f 
y ombus of a hrequall, and divide-4þ into two 
| Equal parts inth= point », thn the right ine 
el [od in and produced ſhalt be one” of the Az 
af [ſaneres; thenptoducing þ # untill 4 o be equall 
dar,the line eo — _ Aſymrore, 

5 S* pears by Prop. 57: £46; 1. of Moder yins, 
au by Lode out/iof Propnfiions of 
bun Bopk chun, '- - DN 1 


' Betauſe 4 h,:toucherh the Seton, it is equis}% 
diſtant to the Ordinates, per Coroll, 2, '«d 17 priv ([ 
», But to the ReRangle ar Parallclogram w ag, | 
that is to the figure comprehended of the twe ſis 
ſides 4, and ag, Twas, al the Squareat I 
Rhombus of 4h, and 4 », is halt of 4h, EY q 
theſquare or Rhombus of « », is equal to. a fourth 
part of the Square or Rhombus of « h, that is to] Se 
the quadrant of the figure wv 4 £ and therefort 
by the 38. of the firſt and Coroll, to it, by con- 
verſion it may be ſhewed that the right line e» 
drawn from the Center and produced how far 
ſoever ſhall never meet with the Section þ ac 
and by the fame reaſon, and becauſe 4 » = as, 

» eo drawn from the Center ſhall doe the like, 
&c. 

From hence it appears, that the Aſymprtotes 
are lines drawn from the center of the Section; 
end produced , ſo as that inclining toward the 
ſetion till more, ſhall neyer be coincident 
therewith, 


More for the Par abola, Numerically. 


Letthe baſe be given in Numbers 20, that 

| of - what lenght ſoever, let it be parted into.20 
equal parts. | 

And” #tany inclination to ir, let there alſobt 

givena diameter ; which divide into 100 pats." line 

And through all the other 9 diviſions of WE te 
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is {Semi-baſe, draw lines equidiſiant to the Diameter 
7+ | ſhortening them in this proportion, viz. 
6 | Of ſuch parts as the Diameter is 100 letthe 
rect be 99, the next 96, the next 91, the fourth 
q the fift 75, the fixt64, the, feventh 512 the 
w\ apheh 36, the ninth'1g. A line drawn with an 
þ {eren hand by the ends of theſe lines ſhall be a 
wo | Semiparabols, * | 
ore | The faid Numbers are made thus, 10 1n 10. 11 
n- Jing. 12 in$, 13in7, 14in6, 15 ins, 1610 
1417 in3,18in2.and 19, in 1, Prop. 62, lib.2, 
far} And they difter juſt as the ſquare Numbers un- 
ac | nediarely fucceeding to Unity, viz. 1,4,9»16525, 
49, | 16,49,64,$ 1,100, &c, by the quantity of the odd 
0, 7 intercepted , as Ty 2, 5,7, 9, 11,13» 15, 
, CC, 
tes | Which is the ſame proportion by which the 
n; | &grees of Velocity of the falling of any thing to- 
the | vard the center of the carth are Ebes 7 as. Ga” 
ent | leo hath ſufficiently proyed in kis Dialogues, 
And therefore the courſe of eyery Projetti/e or 
wing ſhot from Gun or Bow may eaſily be Proyed 
o bez Parabolical line. | 
"Andthe making a ReQtilone figure equal to a 
Parabela might be facilitated from, hence , if ic 
You not needleſſe, the thing being already often 
c 


X Morcover it is to be noted, that the equidiſtant 
p lines thus drawn, may repreſ:nr {quares, becauſe 
UF By the difter as the Square numoers doe, 


For an Hyperbola 2 N amaricaly... 


The burning points and tranſverſe, axis be ug}. d 
given, the Vertex is al(0, given. .Let'the: rag 1» 
verſe axis. be, 80, the diltance of cach. hy i W 
point 20. of the "lame parts ,. the ſaid, 'poinl 14 & 
and 6b, th: center 4 ſpace $2, andibe others ic 
ter 6, and. {pace ' deſcribe arches, hid 
hall ; cut where. the Se&iqn is to,paſle, a1d.hof . 

| keine thee | the, center, 4 other, arches, | 
57, 109,, "ahd from the center b. with: 
Ig, 1379 30: other arches, 1o as the di | 

nces.from.þ.may excccd 100, as mpsh.as 2 
- 7A from 4 exceed 20, MA 

_ arches of _ ſhall inert, a 

| lye- points ,by which the Hypes 
to wu 0 fy the 26. of the 2, of Adiaor ging... 


Is au Elliphs, Noymerically.. 


1phe buraing points and Vertices beang gina 
\ (as they were before) the Flliphs .al(p; ard 
deicribed by numbers as followeth , letibe.on: 
burning point-be at .«, the,o: her at og 0 
the dizmergr b be =, the diſtance betwixt 4 


ler _ De x©equall to 100, and let it - 


A&A —x * : R 
- x. af 199”, Thank FP b 


2 =14 


2 


| ©2SÞ3%, wherefore niking therenterS at ſe- 
F yerall T| Ces (more they (6, andlefſe then 116, 
of ſuch partsas =:is 233) 38120, 974 ..$1,8&c. 
ci. deſcribe arches.” Again, making the center « 
04 with diſtances 225 35, 58g and-others;Iftall the 
ure. correſpondent qments of the former di- 
84 ſtances to 132:draw-aber: arches, whithixhall 
67] (cut che formeranpoims whereby the )Eliplaside- 
iq fired mult paſſe, byzhe faid 26 of the tecond. 
d.lofj .And it 15 plain.:fram-che gpnexation-af AN - Ek 
0. lipfis, ſhewed in the anftrumentall way before in 
of this Book: for the ſtring which deſcribes. tb 
lH 4lwaycsequall-to = <+-xy thar is, 23 2anddo is 
a 11090-11022 and 100,97 7 £6 00M 
| *hercfoicahas iscyident oo T2970 
and | And thus they that likeithis: Jaltyway vÞerter, 
a 5} may accompliſhithe Seon, by-number.-. I 4 


Moreoyex , pur the. diameter of a 'Parabola 


þ==- — of an inch fere, $: 
64 | 
' Andletthe whole:baſe- (inclined to the-Dia- 


meterat angle $9 fers)ibe-c = —— 


=—_—- x 


Laſtly, Let the perpendicular fromthe Ver- 
texto the baſe be d== —*_ 
L | 64 


\ 


grey Te IM. ID" he Produ 24s : 
'64” : 

Of which two thirds 8 equal! to the fuperficts 
1 = 8400 o 
of the Parabola, and is 


Oftheſc parts the ; midile Pa Parallel which: was 
cnn 75 (when the —_—_ was fuppoſed 100) 


64cO 
1s Saich doubled ——tatic =. as be- [\ 
64. '/. | 64» 4996 | 


FEED 

Sothat in this caſe the refidue of the Rectangk 
en:Faralflograt, , when the ſuperficial content 
of the Parabola 1s taken from it, and the length 
of the -middle parallel, are both d:nominared 
by the ſame number, but this is left tothe Reader 
to try by a Figure delincated by himlclte, 

But what uſe might be made of this (if it ware 
further urged)cither in naturall or artificial num 
bers, I 1.2 at this.time allo to the - Reed-rs1 Ute 
quiry and ttudy, 

Here it _ 'be noted, that a line. keaig drawn 
to touch a Section in any point, if from that line 
' In that po your int be raiſcd.a perpendicular, that per- 

pendic 1s ſaid to cut the Settion 1n the ſaid 
point at right angles, - \ 

For Example, Jet the right line «6 touch the 
 Elliplisq prin the pore Þ \ and let po be mige 

+ v2 anon toabinp, Ifaypo is vitclly ſod: 


” 


8 | wean che Section q p r, at right angles. For, if 
- | any'line drawn from the vans a to the Se- 

ms divide it at right angles, let opbe ſup- 
poſed to do 1o, and.ab a tangent in p, as before, 


| _ EC. C_ ] 
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at } Now if the arigke 4 pobe a tight angle, all - is 
th proved, if not, draw the hne 4 s by t e point py 
| tocur Po at right angles, It ;s manifeſt that g.s 
& | ſhall cur the Seton 1n p, becaufe ut cuts the tan- 

gent there, 4 | 
Wherefore the ſame right line po cuts two lines 
(pr, and qp « ar right angles in the poing p, 
namely where thoſe two lines cut one the other, 
hich is ablurd., 

ny And into like abſurgitics will that opinion 
one which affirms that any Crooked line can 
ke any angle with any line whatſocver which 
ucheth that crooked line, RI | 
' For although Cl/avime againſt Peletarius 
"others may fay that the angle of Com- 

Wt (as they call it) made berween a Curdle. 
Wd his Tangent 'is lefle then any acute 


ne 
[- 
id 


d 


ou made of. rightlmes, yet En ; 
-vittble 4ntorparts u/iquaras or aliquantes.,' whid] | 
carrhave any-other mcalure:then the whole, tha 44 
15, that cach of them is leſfe thenany acute angle] + 
made of right lines, for-ths cauſe, and becauſe i 
ſcems improper language to give the name of anſ| . 
angle to any ſpace lying betwixt two lines, which 
although infinitely produced would neyer ment, 
I refuſe to call it jo, + 

Which ſpace being.reje&ed - Lyn, or at 
molt non-angular , then thz\ angle 4 po beinga 
' right angle; the ang g p#15.c£quallto ut, and v2 | 
right angle in any Circle, of Setion of a Cone, | ® 
or-any wther :crooked hne., how much ſocyer 
compoſed. wh 
* \'Forthercin it is the ſame with'them, as witha 
Cijcle, namely, that inthe point of any cont 
Etion;;he angles ondoth'fides immediately begun 
arecquall. 


> — 


CHAP. XIV. 


F Shall here adde a little to ſhew the reſolution 
of ſuch ProBlemes, which ſeeming to require 
two unknown points at once, are withour hel 
of a Conique SeRtion (in lines) inexplicable, 
And other Problemes may happen higher then 
_ theſe finitely requiring four -mean proportio- 
nals, or five or fix, Orto divide an angle into 


_— 
. 


a tne, fore Wt, mis appant WI 
fuations'of \five, lovanor long as 
Pee requires, /* 
I will begin with- "the mo Grape of theſe» 
| Namely: etbaprency 


hn d 

WH 1 == 14 'Pro2l. 2: 

Betwixt Pay two right lines given, rand. 5? 
, ito finde. two wean propertionals, | 

vl 'Putaffor the 1eſfer thean required. 


ne, Arndr<s, Then FT 88... 5 fee: 
ver Arid /a&.a=rrisExcl.6. 6. 


9. | Deſcribe, the Semi-parabola 4&4 y, To as y 
ay be equallco the-rightparameter of it. it, wh _—_ 


Ns E v 


- ah make ac =Er, and from c raiſe the perpen« 
dicular c e==Z s, And making the center e, and 
Radius e & deſcribe the circle f 4 d x, cutting the 
feRion in d, and from @ let fall a perpendicular 
tothe axis 4 h in b, then the lines 1 b aarc'the 
two means required, For make y— 1, and 
bd = ayhen becauſe ofthe Parabola b a= a a, 
for the ordinate 4b is a mean berwixt the para- 
meter which is unity, and the intercepted dia- 
meter. 4b, (bap. 12. And it reſts. only to be 
proved that y, or twice.c e is equall to 44 4, for 
1a aa” aaa” thatisr a Gadd” 


Draw a 9 parallel to b a, Likewiſe draw d e, 


Then ge=2s — 4z'for gem db== a;and 


#c=3 5, likewiſe d 9 (that is b 8Yis 8 4 —Þ 


may be done by Chap.12. hereof and in the it q 


the ſquares of which two, are, 3s 5 — 5 ala 2 
and 4444 — 44+: which t _ w 
4844 — 54+ 55 5-+3.cqual tothe ſquare of 
de: Excl..1. 47. but de=—=at,and the ſquare of 
4e is 55 +45. And therefore allo it 15 4a4a4 
58+ ip g=45 5+ i 

That 15 ſubtraQting from- each 355+ 5 the re- 
bdue i$44 44 —$5 aA=0,014444=54that 
1s 4 4 4 = 5, Which was to be proved, 

This and all other ſolid zquations not tranſ- 
cending the biquadratique order, are explicable 
(as Des {artes faith) by a ſmall portion of any 
of the three Seftions, Yet ſeeing he: holds the 
Parabola the moft convenient I make uſe of that 
alſo, and of his Examples in this former and the 
next ſucceedins Probleme , aſwell becauſe 
a Parabola is much eafier fitted to the worke re- 
quired, as alſo for that the demonſtration thereby 


15 not {o anxious as by the other, 


EX 0:1: > an = + AT >: 4 


Prob. 2 


Now ſecondlylet it be required, to divide any 
reftiline angle given into three equall parts, as 
the angle bag. 


| Suppoſe it already done by the lines #0 f, and 

draw. the: chord bg, andalſo ecpanlictio f 4, 

klily draw be, & 4 
* Now . 


. Now becauſe of the {imilicude ofthe Triangles I; 
bac, bde, andced, (for the. angles” "4 i 
adg =achb—=bde=2cd):wteb!'be' | 
3-8: P PRA Ta | by 
Put big =b and (bei 2, 1 And lettheRadius: 
; b @ be Unity; | 
 Thende= 4aanddc=aazn. 7209 | 

And becauſe b g++ dc=3be, 
Therefore: b-4- a4aat= 4-4, or 34'— 44 4=xb | | 
Which-Aquation Pitiſous bath allo uimaking, | 
of the- Sines, | want), 25] | 
. Now fuppbſe the Pargvola- ak f' drayn (0-av | 
4qthe right paranieter-may be-equall-ib 6a, that! 
is 'Unity, and the part ofthe axis: 4'c> may be e- 
quall to 24 ,and Ae, then from exaile em: 
perpendicularto theaxis, and cquall-co 44, and» 
_ the center 9; and-the-ipate m azdefcribe the: 
ircle a k ft p,,. which ſhall cut the Parabe- 
la on that fide remote from zz, in two points kf, 
from which perpendiculars in g and d, ſhall be 
true roots of this Aquarion, of which kg 1s the 
ſubtenſe of the third part of the arch required 
and isequall:to be; that 13401, and fed 15-thh 
ſubrente* of.'rhe -third«pare of rhe - complement 
* thereof toa circle, ana if on the ſame fidewhere 
74 1s, as from the interſ2ion at p be ler fall pl I 
perpendieularalſoro the'Axis; thetrpl; 12 falle | | 
root ofrhisAquarionz and cquall in/Magnirads” 
to both the true ones, that 15 p /z==fdkg2" 1 Þ 


Org 5 


But if in ſtead of — 444+ 5 4= Wo 
nthis. Example it:was, the zquation had becne 
—#44 + 3 4 — b, then the true roots had 
allen' on the fide have the center: ms was, and 
16 rooc on Eg: remote ra 
Lenter;} 


he $-'- +. AO TE. | 
[Th Eqaron — 444 23 a—b=@'is 
withouri the - Fre 1 '4 4, Which 
be cauſe thar it hath the Knee difcern- 
£0 


f by twice + or twice — fcceeding., 25 hah 
© been ſpoken of Cha 4. . 4. Tftherefore one wouli{: 
have it "fo, he muſt fill up the ſecond term, by aug- 
menting the root LONG ſo little, putting 'e — x 
== Ae 


"Ls: "7 oY 
 - 


The Demonſtration of this Problem is as fel 


loweth. 


It is to be proved thath, Fg, in the Scion ise-| * 


qualto b e the ſubtenſc of the third part of the an-| *f 
% g1yCnl, 


WMH 32 
Then becauſe of the Setion. ag == y 7. 
- Fromthe center mw, draw ms k_ and ms 4, which 
are equal becauſe of the circle. 
And draw k., parallel to 4 e, and produce n me 
toltin®., 
Then itis kw =ge=2—7 7. 


"_ ſquare therfore of k »,is 4 -%. ”, bl 1: 
2m » being equall ro-y Wd 


_ bo, call bgd pike tang le 4 ronky” ; 5 bm 
then ws # = 7 % the fQuire of which being] 
11+by +366, at ro it the former qu 
k n,thatis 4 — 435, +7 7 77 git makes 


+4 — 4177+ +1100 Ho, Drs 
cquall ro the {quare 0 


| Againe the {quate - 4 4 * is oP P__ the dal 
we, 13 3b b, which two ſquares are: equall al 


"Y 3» 


yn = ———_——_ 


LY 
#” £Y 
bd 


a he ſquare of #» k, beck 1 hk = m 4, Therfore 


4477 +1101 174 by obabh== 
deb tl -> Thaz 15s | 


SEP ts i 254 by he rm 
Thar is, by ad& Bp eatrrgt ſub- 


wading, 7 77 7) +39 1 — 11115 3, E 
Oclaſtly (dividing all by 9) 3:77 7 5=6. 
«| - But this 'zquatiot1s-altketgraduatedand like 
"my afrctas the fiſt ib 3 444 44 ==b, 
SESTIT 
But 4=-þe and 7 =Kg. 

And therefore kg = 'þ e Whith Was to be 
ich} prove. 

In like ſort it. might be proved. that fdis 2 
mel fue. rqot, of the -quation' 3.45— 444 =b 
(mthofirlt figure): 4pdrhe ſubteaſe of the third 


part of the complement. of the ap . given bag 
|#aCucle, 


And by ſuch racks vane mag nay ie it eyident 


]/8 


-., | at when a Circle cuts a Pagans points,how 

of many {ocver (the Vertex; cxcepted) perpendicu- 

hike fall from all thoſe points tothe axis,. are 

| the the ſeyerall xgors of one aid the” fame #qua- 

* Nor hath that #quarion any niore roots 
fs: ke ei ers to the axis, 


NOT #&- 


p 
” 

' 
if 


oc. J0G46 Þ.-.. 
In the #quation a4 4 —beazbbd, thel 
conſtruQion difters ſoniwhat fromthe former, for | * 
6 being reputed unity, if as here be ſigned with 

— the axis of the Parabola muſt be produced 

fromthe point c in the axis” within the Seftion 

diſtant from @ by 3 beyond the verrex, till the 

continuation be equal to % c,and at the end theres 
of raiſe a perpendicular equal to 3 d, at the end of 

that is the center of the circle deſired. And ac- 
cording to this method may any zquatiorr, nat 
aboye biquadratical be reſolyed, after by taking 
away the ſecond term (if there be any) by the {e- 
cond Rule of Chapter the fourth it is reduced to 
fuch a form as this, 4a4* bea=bbad, it the 
quantity unknown hath but three dimenhis : orif 
it have four then thus 4444a*boaa®tbbda= 
=6b6bf. © Or cle taking 6, for Unity, 
then thus aa #* c aa=d;ndrhus 4444 * c 44, 
* d af the fignes - and — are here omit- 
ted : forthey muſt be ſupplicd as the nature of the ©qu 
X&quation requirerh. roars hoe” b,o 
T NOTES -- lg 


4 : 


Note that. in this breviate. the Line 6, is tha Jy 
which was þ &.in_the example of ttiſe&ign, and 
thac which was y ox unity in the example of 'two | 
Meanes : Allo the line c is that which4n theſe 7 


mer cxample of rriſe&tion was 2c e, or 3. AndY 


this quamity be nothing, then the perpendiculat 


qual to half 4, is to beereHed at the end of half 
+ [,or5 ſeroff from the yertex iipon the'Axis with- 
_., [izburif & have any length, then at the diſtance 
If 3c from that end, upon the axis. And this 
which hath'been faid is enough for all Cabiques, 
=”. Prod, 3. 
4 | But where the equation 8 444 4 —c 4 4. 


I4ds=f ſo phaced as here; if there be's f 
7 the Yn be to find the value gt 


d 7h 
wt 6 then producing ## romvards 4p, , © 


[ 


"» 7 a wit : 2 , 


| Make 4s equall to the right parameter of the 


SeRion, and make a x =f, and upon the dias 
meter x s deſcribe the Circle x h 5 cut by a per- 
pendicular to 7s 4, namely 4 þ 1n h, then making 
the center mz and the ſpace #» h, deſcribe the Cir- 
cle deſired. 

But if it be —f ,| as in this Example I pur it, 
then after 4 h is found as before: upon the diame- 
ter 4 mdeſcribe a circle, and init from 4 apply a 
line 4#= 4h, and making the center »s and 
the ſpace ms 5 deſcribe the circle f # k,, which is 
the circle ſought for, 


Now this Circle f # k may cut or touch the 
Parabola in 1, 2, 3, or 4, points, from all 
which perpendiculars let fall to the axis give all 
the roots of the Xquation, as well the true as 
falſe ones, Namely, if the quantity 4be marked 
— thenthoſe Perpendiculars which are on that 
ſide the Parabola where the center m» 1s, are the 
true Roots, but if it-be.-+ 4 as here, the true 


rootsare thoſe of the other (de as fp kand » 18 


and thoſe of the center fide as f =, p q, are the 


- 


falſe, 


DEMONSTRATION. 


| | a er TIO [9 511,47 2686 
Put cen —:and draw we perpendiculy 
+: 46. 2545 2; bite 227-2403. *£3/0] 
fo 4g,andg lequall; and paralle) to jt; ably 


4 


os 


Put gk=4, then ag =4a4, and taking 
from- it 4a e,thatis 3c +37 , then ge==aa— 
— 3c — +4, Whoſe ſquare 15 44 4&— C44 — 


wo | 44+ 3c eÞ3o Fl. 


And becauſe by conftrution g {/==$ d, there= 
tore k. /=4@-þ44, and the fquate of it is__ 
; | #4>þd a+ 5 4d, which added to. the former * 
j ſquare of ge, it givesthe ſquare ofh », that is 
$18 —canrbicocd+datidd+ic+3%. 


1 1 Again, the fquarcof ae is $oe i cox. 


.*% " d 


To which adding the ſquare of we e,rhar is 2 4 
the wholz 1s the {puarxe of #24, to wit; c cb} 
di b+-ie +5. 

But the ſquare of 4 h, that is 47, js <qual to f 
becauſe 54=1 and xa4=—f between which 
4h, or 41, 15 a mean, 

' - Therefore the iquare of w # is A 


peep, $445: je $—Ff 
But mi= mk. 
Therefore their ſquares are equal, that 1s. 


Ana —FAadS; cc +5; dd +d abt 
+ 4=4ce +44dþ1e+3—f 


That is 4 444— caanbda= —f. orel(e 


4444=caa—da— f, which is the fame 
zquation which was to be refolyed, of which 
threfore g k,, 15a true root,,. | 
| In like fort might #0, be proved a true root 
which was to be demonltrated, 


Des Cartes, demonſtrates of all this no mare 
but the caſe where the zquation is 44 4 4 = 44 
—4 a+ f, and leaves the Reader to pleat: 
himiclt 1m finding proofes for-the reſt ;']-have 
choſen this caſe, todemonſtrate, & hayedemone 
. ſtrated the gaſes of the two Meanes; and trifeR 
on not onely becauſe ſome Readers may - be: as 


much pleaſed co haye this done £o'th-ir hand ag 
lsfrro doc themlelyes : buzalſo thar all migh: ſe. 


fe! 


df 
ch 


Unity, | 


wreſoluble, 


Kr that the generall way of-demonlirating all ſorts 


of caſes, depends on theſe two things ; firſt that, 
the pac. of the Parabola being always 

| oy of the roots be- put equal to 4, the 
intercepted tameter_ will..be always 4 4, - Se- 
condly, there. may ;be eyer {found two [quates e- 


qual to tw9 other ſquares,and either the firſt two, 


or ſecond two equal te the ſquare of Radius. By 
help of theſe two things may any calc hercof be 


proyed, 


I will conclude with a Breyiat of ſuch equatt- 
ons as gre.not relokuble. by Ruler and compaſle, 
1 If'thzre be as many-yowels as conſonants, 
and the yowels uncqual, | - -. 
AS, #6 dazzdb,; wit dad 0 
Or, —-4 ef #wxdb,. SK 2.41 
2 Though but of two dimenſions and in feweſt 
termes, as 4e==bb, though ſuch are ſolvable yet 
: may be by infinite ways, and therefore cannot 
be applied to any limited Propoſition, 
3 If there be but one Vowell, but cubically 
multiplied, or higher. 
As, a44=bbc,: Or, aaaa=bbbc. 
Where the Aquatign Bring already in the 
laſt termes, and not to Pg brought *down by any 
common diyiſor nor the *7encalb b c, re- 


ducible ro any ſalid mote regular, asz'to fff; it 18 


— ——_ 


A. i tos —_ 


| 


CHAP. XV, 

Ain ſaid (in the concluſion of the forme | q 

r) that: (700 re 2 4 ed da4= ; 

3s py right ng and Circles 0 ) irrefolub L 
I-will by he a Problemeby 09h fink, | 

of the ſaid zquation. wil be FB. gngnhiy 


is this following. 


Probl, Iz 


In any —_ ( bid c a) «waa ty foo, an ej 

- - #44t [7 to draw @right line | cf] entering 
one oppo fe ſe 44-6 oy 0] ] axd Sonturring 
withthe orher" [6 q |  produred in þf,] ſou] A 
the interceptea"lins *\f o'| may be VImEs to 
Tz gs wy oo ve : ine TEITE” | 1s 


Rn 
= _— 


1 
2111 9! 


Put bis ed==d 
do==4 and bf=e 


addecauſe the Tr es bo s 3-4 are like: 
ercfore 1t is Trang) hops de ” kg 0 


Anddb — da= ac, thatis, ae de=db, 
So wt are quickly come to the Equation re- 
1 fam: » Which #quation having as many un- 
+ own, quantities (_ as 4,e ) as known. (to wit, 
vi b&4) is hitherto uſcleſſe. 
re-] ;That the Probleme therefore may be ſolyed, 
ich] we muſt work another. way , and.bring it toa 
| Solid 4640 by making (for more convent- 
ence). .c A faz=c, andbd=4, and 


| ES 
#1 | b a” þ 4 


a] 


Thend— at b' —— and —— == f, 
nſ Es 48 

"7 bbaa.. . 

4 paddy ſquare thereof —_—e ene —_ "oe a an 
to dd—24 


is apo © by the 47. of the tx. of Euclde 


— CC 


Mulciply all by the denominator dd — 2:44 44 
| It makes 

Ma — 24444 + aaan + bbaa = 

=ddec —2decca+ccaa, That 15 

lad a—+2da4aa + bbaa—ccatddact 

oidcca=ddecc, 


' Make 


\ 


| ed 24 Rr _ {oal 
þe figned + becauſe hereby fy fie It 
be bb + dd >cc. rover Gps quation, will 'e, 
a4aa—1daaad-ffaab:dceamdder, 
Expunge the ſecond terme which 1s — 2 4 444, for 
by the ſecond Rule of the 4. Chap. And becauſe | 
th: Rule is not fully-exemplified there in the 0- 4 
:peroſity thereof, 1 will here wark 1t at large, Be- | — 
cauſe 4 4 hath foure pn mes the 
Therefore make 4' 1” 2d' 4d” 
Again, becaule bs firſt and ſecond term have 
different hgnes , therefore put eÞid=4 
Cha 4 4. Kile 2, | 
* "The new Zquation ariling thereof will be. 


be*+2d6"+ $dde 44 dddeb-c26 
—2de' — 3ddee—$ddde4-;adad 
+ffeebdffe+3ddff = 

+ 2decedacc 

 —dacc' 


4-4-8 | 


IH 


5 


The homogeneal — 4d cc, 1s here put on \the 

fame ſide with the reft, becauſe (for the preſent 

- Xt ſeemsberrer to and ſo, that it may be the 

_ term, in relation to that which is gone before 
Chap. 4, Set, 4. of the ſecond Rule, I» 
Inthis laſt zquation, it is manifeſt that the {e- 
cond term2dee e, is (throngh contradiction. of 
+ and —) aboliſhed, as was required, 4 


— — LL — rr. q - 


found by help of a Parabola, as before in the like 
cale was uſed, it is neceſ{ary to reduce the zqua- 
tion to ſome ſuch form as hath been ſhewed de- 


a + And now becauſe the queſititions root e muſt be 
t 

G 

17 


a | fore, inth2 Note of the former Chap. 
aſe [- Firſt therefore to reduce the thi1d termyvecauſe 
o [4 >f, and +$4d4, caken trom— 3 4d relis 
| —$£dd >ff,make5dd — ff=g g,loallof 
"| the third term ſhall be —g gee. | 
Likewiſe for th2 fourth term , if +444d 
vel —$ 44d + 4d ff}, be ſummed up together the 
- 4 | *ggregate. will be —d dd + ff d,make 4d —f f* 
+2cc=hh, then all the fourth term will be 
dhhe. 


+dh be —dd1ll=o, make = = ard 


e tbh [l 
— =# and — = P,then the zquation.w1ll 


de ee ee—dmee-ddne—ddd =0 

nd making 4= 1, theri the zquation telly reof- 
fd and rightly prepared is +eo ee —Wee 
Fnre—p=o. (In reducing this or the 1k2 


pint:der Coap. 5. Norte, 2.) 


Orceee=mee —ne-l-p, whichisalts [ji 

oether the ſame with that 1n © Grind Check F 
and the working of it is there ſhewed, Except owfl qt 
ly becauſe there the quantity f is ſigned —, andyers 
here the like quantity p is fGgned +, I ſhdl[the 
(although this caſe only is demonſtrated in De 


( artes) here demonſtrate it thus, 
HO SOnne FA * wp 
s of 7 % me 
if S Ju 
#8 
£: N x | 
SE * XR al 
8. AER the 
Pg * : | : : _ 
E Hy et k | : Ur 
£, — : P of 
fo : 
»Y e : SAY He I 
7: 3! 
£q 


rameter d,(that is « 5)& let 4 e be the axis,8 make 
#c=+3d, ce==4m, and at right, angles ate 
»e=2 x,anddraw the line ws 4s, making 
as—4, and 4 x=p, and upon xs as a diam 
ter deſcribe the ſemicircle x þ s, and from 4 to 


Deſcribe the Parabolaf a p according to the pt- ; 
th 


| rife the perpendicular 4 h, cutting the Circle in 

*0þ, and with radius 9% deſcribe the arch hk y, 

fl ecting the Seftion in k,, and frem & let falla 

nd perpendicular to » e produced in 9, and draw 

- the lines 2k and 9» h, | 
. 


DEMONSTRATION. 


To prove gk=e 

Guppoſe it done; and becauic kg =q e=e, and 
me==+n, therefore mwq=5zn++e, and the 
ſquare of it is 4» » ne ec. | 

And becauſe ae=13d +53, and gk=e, 
& becauſe of the Parabola g a=ee, therefore 
aloe g or gh = i m +4 d — ee, & the ſquare 
thereof is + im 1m + imd 4 dd — mee 
—deed-ecce. That is (becauſe d is equall to 
Unity)-þ- 5m m4 im 45 —mec—eceet 
to which adde the former ſquare of 4» +e, | 

And then the whole is 4 

mm dim i —mec—cef cect 
\& ru briA ; Thar 15, 
im mim bi — mee e*-innone 
equall co the ſquare of Radius mk, | 

Again, becauſe 9» e = 5 the {quare of it is ' 
| 25s, And becauſe 4 e==5 1m 5, the {quare of 
& | thit is * 1 + £99 42, which added toge- 
LON ther make 1.1 1 118 L mr, for the 
i fqudre of 2.4, to which adde the 1quare of « þ, 
ef that isp (for 4X =-p,,and 45 = 1, and conſe- 


Inenrly by Excl. 6, 13.the ſquare of 4 his equal 


to) the aggregate iS 5 n »þ im mb Ln JIN 

x gB 6 the Sonchs rat but fo 
mh— mk, And therefore this aggregate 156 ry 
quall to the tormer aggregate & one may lee that T 
theſe quantities + 5m +5 un + ii. 
are comune to both; And theretore the reſidual L 
are equall, | 
-Namly, S-ecee —me eS-ne ——+p, | " 
Thar 1s in Des Cartes his form, | 

| ecce=—+ mee —nep, - 1.7 
Which was the zquation to be reſolved, and 
therefore gk = e, which was tobe proyed, And ; 
therefore it g &. be added to 4 a, the tum is equal F 
to #the quelititious root of the firſt zquation, and 
.is equall to' þ 0. So that th2 point o which was | 
firſt tought, 1s hereby. found ; and the Provleme 
latisfizd ; which was to be done. | V] 
ADVERTISE MENT. | 

Now that the different ways of writing equation 
way cauſe no confuſion , let it be ſuppoſed 1108 
written ever thus, cece, mec, ney p==0, 
the fignes += and — to be ſupplyed: 48 the occaſion 
requires, Then, 7.68 
t If it be — »s, th: center of the defired Cir- 1 

de is within the SeRion, or at lealt below the 
Vertex. Y 
2 If nbc, the ſaid center is aboye the 
vertex, and 5 21s applied upon the Axis produ- F* 
6ed, f:om' the point cwhich is always in Pr xit [* 


SS: 


of 


6 


"Fa 


{nuthin the,SeRion, diſtant from the vertex 4 
halte the paratheter ; and therefore inthis caſe the 
6, | ine 5s cannot be lefiſe then the paratherer d, 0- 
hat therwiſe ths point d, would till fall within the 
"| FE "FP hols perpendiculs! ee 6 
| 31fn #, thoſe endiculars (let fall 
af om the ſeyerall interſe = of the — ery 
and -Circle to the Axis) which are on the ſame 
ide with the center are the falſe roots, and the o- 
ther the true roots, but if it be — », then juſt 
ind contrary, . E*urnt 

nl. 4 Laſtly, 1f irbe — p,then one auxiliary circle 

ol ml ſerye, as here it doth, bur if it be + p, then 

nd is mult be another alſo, the deſcribing of both 

a; | nich 1s ſhewed 1n the former Chapter. 

me Probl.2. 

Upon a line given 4s 4 Baſe to deſcribe an Iſoſ- 
celes triangle, ſo that an inward parallel Baſe 
may cut off two ſegments of the fides betwixt 

4; | the baſes, ſothat either ſegment may be equal 

to the inwad baſe, the perpendicular from the 

vertex to the 4 inward Baſe being alſo by 


7 | ſuppoſe ton given, 
Fs Let there be given the line c 4, and the line 6 g. 


: | And ler it be required upon & a, asa baſe, to 
&cribe the 1ſoſceles b c d, 1o as the line b g, fal- 
he [gar right ye with fe, equidiſtant to c d, 


WB. delines 4 f4 e f; ande c,, may be equall each to 


. Fit 
, Pur: 


4 
oY 


; 
= 


Put 'gy =, and fe=y 
And cd=b anitby "1 
Then' d ', 4+, ah c0 
That is da -'e 4= dj 5 
Exclid. 6. 16. which isth wh 
{ame #quation as was fixft þ Ex 
cle 

the 


the former Probleme ; an 
therefore if there be in th 
roome of d a+ a=; A 
fubltiruted another equatin. 
like that 1n the former, fix 
the zquarion, 
a* .-.-2daa 7? 
24cc prays, gs 0, 
And that purged fromthe ſecond term, as be 
fore, there ariſeth a {edond'equation, 
brecesr — mech ne—p=o 
Andlaflly, if 4 be a parameter, according to 
which 2 Parahola is deſcribed, rhe root e, and 
conſequently the root 4, may be found as in th: 
former. viRay Wes" 
And'thus having ſhewed the method general for 
all Zquations which attain but 3 or 4 dimenſ E: 
ons, and exemplificd it by Problemes which kad 
to ſuch Zquations; Inow fay that was the endu* | 
my preſent bufin&e.' Anditany fill defire alorfÞ* 
cer reach, I referre him'to Des Cartes, who'Wayys 
axgoreyn FA > porn 5.'and 5 _ fiof t ; 
which foure Mean: rtronals qua} ©: 
ouiſeRion of Angles, Sy other _ Pi Wy 
bleines may be found and cffeRed, Nai” 


anc 
orf 


F* Woe 1. PILLS 2, 

=<I- The firſt Probleme of this Chapter,as it ismoie 
4 compoſed then triſeAKion, fo it comprehends it; 

may be ſeenby (not only Pappss and others 
te] yho applicd ir to that 'end but) the following 
nl Example, In which, let there be an arch of acir- 
"I cle, namely þ c, and let it be requiredto divide 
I the arch & c, into three equal parts, or (which is 
als good) to find the third part of the arch 6 c, 

" Find out the center #, and deſcribe the circle, 


A :nddraw the Diameter b g, and produce it to p, 
, | or further, as is need, and make cy the right fine 


wi ur $94 0.006 om: tke _ 5 ang x 
\Maallcl to c r, and co E the xe epxer 
Iby the firſt Probleae, draw 6 _—— in 

all a poten be,oquelco bg, then I lay tharg 

SI $6qual £0 a thurd part of þ c, 

iv +: . .. Frome throughe, draw #2, 
1 Now becauſe e 9 is Radies, fo the digmerc 


meter 
ang ' 


and the angle f e pa right angle,therefore the lines 
f 0, po, eo, areſeverally.equal, . ©” 
Andthe angles z eb=g eo.andpeo—epo, 
' Andallofoe==2peo, Enclid, i, 32, © 
Therefore alſof oe=2zeb. , 1 
But Foe, that 15c 0x, being in the peripherie, 
15 meaſured by half the arch c z, Exclid, 3. 20, 
wherefore & z, which is the meaſure of half the 
angle c 0z, is a fourth part ofthe whole arch cz; 
and conſequently a thirdpart of 6 c, and therefore | 
o which is equal to bz, 15 alſo equal to a thirdof | 
F:. which was to be proved, | 


2 
ſh; 
Seeing in this Scheme the line f o, is eyer equal be 
to the Semidiameter e g, if in commune praGtiſe [;* 
there 156 c, or any other arch(nor greater theyþ: 3 
2 queuayiee be triſeed, laying a thin Rule by 
to touch the point &, and cut the diameter bg, 
roduced 1n p, the paznt required, the compaſle t) 
ing opened to the juſt lengrh of Radius *< Us 
ſetting one foot in e x, and ſhitting the Ruler 
the other foot fall inthe peripherie at o, the pount þ 
o, ſhall always be diſtant from g, by a third of I 
c, the doitis'of which (alhough ir muſt notbeþ 
called” Mathematical, yet) is very neer as cali, 
and as free from erring as from'a point givent&dy 
' a point given to draw a ({trezght- line; or upol#30, 
center giver with atiftance given to deſcribe. 
circle;8 from agryen point in 1t to ſet off an are" J iy, 


NOTE 2. Mechanically, 


WII 


19C 

equal to an arch given : And *thereforeT recottts 
-: [mend thisas the moſt ſimple and ſhort and fafe 
% | way for Mechanick uſe, ee, 


NOTRE. 3: 


If the arch. to be triſcted be greater then a 
1 |adrant, then triſeR the complzment thereof ta 
ME [aſcmicircle ; and the third of this complement 
aken from 66 degrees (which is alwaysa given 
1 of ach) leaves the third of the arch required, | 
1 Inſcription of Chords im a Circle, and making 
 [zquicrurall triangles whoſe angle at the baſe 
ſhall be to theangle at the yertex in any giyen 
E portion, are the fame thing : for to inſcribe a 
vr Ip of 3, 4, 5,6» 7, 8, 9, 10, 1, fides &c, 

© [indes ſuch triangles whoſe ſaid angles ſhall be as 
uler IT» I) IT) 29 39 39 2 & 3 Co, As 1s ealie to be ſeen 


if Quadrature of the Circle is that in which (as 


A kecefle ; he having demonſtrated that the Cur- 
| 


713 


" WA and greater then 21 25, to.7, within which 


Iu t 


3 
] : 
« & 4% 
7 , 


root is the fide of the inſcribed ſquare, 
The whole perimeter therefore is 4 / #?, ang 
the whole circumference is found by this Anas 
logiſme. . 
9. 10”. 4s 4” S/YP”. | 

1c reſts to be proved that 4* y/ 4? is greater 
then 21 22, andleſſer then. 23. 

Now 4949, is ſomthing lefſe then 4/ Y 
which multiplied by 49, and divided by 9, the 
quotient it 21,995, Which yet 1s greater then 
21 22, for 2% >. 

Again 4, 950. is {omthing greater then 4/ 7, 
or. multiplied by 40, and divided by g, as be- 
fore, the quotient 15 22, ſo that 5*. / 4* <C 22, 
and?* / > 2122, which wasto be proved 


———Y 
—— —_— hd 


—_—_ 


CHAP, XVI. 
Of Dialling. 
Probl 2. -*. 
Upen any declining Plane, to finde the heightof 
the Stile, and place of the Subſtile, the Decls- 


nation being firſt kyown, 


which the ſquat is = 2%,and doubled is $?, whoſe || 


"He lines 4b and ed, drawn to cut at ng 
angles in c, and the angle c 4 d, made th 


complement of Horizontal elevation: upon tif xq 


contev c, and ſpace © 4,deſcribe the quadrant 44; dra 


(181) 
and make q + the declination, and draw the de- 
dining Plane x c ;,and on the center 6, and ſpace 
ed, deſcribe the arch d s, cutting the decliner in 
;, from whence let fall to dc produced, a perpen- 
dicular 57, And make c y—=7 5, and draw the 


DO Ry 


». 
. 
4** + 
a 


o* 
- 
- 
- 
__ 


line 4 y for the ſubſtile, Secondly make y g =cr, 
: | nd the angle ay garightangle, and by g, draw 
| «2 forthe Stile, 

Then if from the point y, totheſtile,be let fall 
+ | 2perpendicular : enlethoob to it ſer off from 
2,towards 4, it ſhall be the ſemidiameter of the 
ws] zquator. Which zqaator being deſcribed. a line 
<} Arawn from the center thereof & producedro the 
Fa point where the tangent g y would interſeRt ac 


(182) 


produced ſhal cut it into two ppt hen ; 
e lin? y g di-. 


that ſemicircle which 1s neerer to 
videdinto 12 equal parts beginning at the: faid 


por of interſection of gy,& ac,produced & rec- 


oning both ways as the Plane yg, ſhall admit, 
a Ruler layd from the center of th: zquator to 
eyery one of thoſe diviſions, ſhall inter{c& the 
tangent to the zquator, that 1s gy, continucd 
through which interſetions lines drawn from 4, 

(the center of the Diall) ſhall be rhe hour lines, 
For ſeeing it is known already in Trigonome- 
trie that, as Radius to tangent complement of the 
Elevation, fo 15 the fine of the Declination to the 
tangent of the ſubltiles diſtance from the Meri- 
dian, and if «c be radius,c d, i3 the co-tangent of 
Elzvation,if that co-tangent be made Raduws,it is 
manifeſt that the ſine of the declination 57, ſhall 
be made thereby the tangent of ſubRilar diftance, 
c, In like fort it might be proycd that, as Ra- 
dius c 4, to c d the co-fine of the Elevation 4d c, 
ſor c the co-fine of d:clination, tor c the fine of 
J #$* | 
- Probl. 2. 


Of Declining Recliners, 


Ta finde the Meridian of the Place, the Meri 
dianof the Plane, and height of the Stile, 


Ler the parallel lines q s, / GH repreſent the baſe 


of the declining reclining plane; and make the, 


angles x # £qua]to the reclination, 


rl 


ec 


pon, FJ 


,S 


\ And let gs, and x w,cutat right angle in «. 
| Make th angle x 4 b,cqual to the Seclinarion, | 
on And draw the lines x », and #6. 


c- | And —_— c =x #, draw c 6, for the Mc- 
ir, | -ridian of the place ; or hour of 12, | 
to Then make am — a4 6, and the angle a m z, 


he | equalto the Jatitud?, and draw the line #2, 

'd Make 4k —a x, por ad —an, © 

a, | Draw the line kd, and (where 1s _ pro- 
duce 1t, 


f ON 
, - 
'$ ” 
j On” 
rl . 
; "JL 
f 
mn 


From =, let fall a p pependcar tok d, inhy 
and from 6b, (the center of the Dial) to the verti- 
- Meridian x w, apply b r —= 6b, for the Sub- 
e. 
ny unto the line 6 r, in the point r, raiſe 2 
perpendicular re, — & þ, and draw a line from, 


So the line r I both ways, ſhall bez 
tangent to the uator , Whole {emidiameter 
ſhall bea line let fall from the psint 7, perpendi- 
cular to the line þe, Andthe reſt of the Dial may 
be finiſhed Uke a Vertical decliner, as in P rob, I, 


DEMONSTRATION. 


Firſt the Center 6, is choſen at pleaſure, in any 
place of the Horizontal Meridian 46, for the Pa- 
rallels q 5. / g, might be put neerer or further off, 
and notalter ths work at all, onely the Diagram 
would be lefler oz greater accordingly. 

Now becanſe x c== x », the Fa of the Re- 
clining plane x », ſhall cut the Vertical Meridi- 
an x wy and let it cur it inthe point c, 

And becauſe the line 6 e, ſubtends both the 
Meridians 6 4, and ac, and is drawn upon the 
Planc from the Center, it ſhall repreſent the Mec- 
ridian of the Place : forthe Sun enlighcening the 
point c, at 12 of clacke in the vertical x w, and 
the point 6, 2t the ſame time in the horizontal 
meridian 4 6, it ſhall at the ſame time illuminate 
the whole linc 6 c, ſo as the Stile of the Dial 
ſhall ſhadow the ſame juſtly at the ſame time. 

Again, becauſe the triangles nx, 4 k 4, arc 
apyer and equal, if the point w, be the Ze- 
,T 
point k,, the lines k d = x », andthe angle ak d 
equal to the reclination, k d ſhall chen truly re- 
preſent the reclining Planc. Mc 


point x {uppoled to be laid upon the 


Moreover 4m being 


© | ” 


equal to 46 by conſtruRi- | 


on, and the. angle #4 # z. equal to the latitude or 


deyation, the point z repreſents a Pole of the 
Equator, becauſe the Axis m x, and the Mendi- 


an 4 z meet there, 


th 
—— — 
o 


; 


If therefore from the Pole z, a meridian z h 
all upon the Plane &.4, (or the back fide thereof} 
4 right angles, it ſhall fall upon a pount of the ſub- 
tile mn þ, which point þ therefore doth limit the 
ſubſtile on that part, 

Bur the herizonral line in which 6, the center. 
of the dial is caken muſt limit it en the other part, 
towit in the point x, ork,, ſo that h& isthe juſt 
kngth of the ſubſtile upon the Plane. 


—_ —— }Þ 


' And becauſe the ſubſtile muſt both paſſe through 
the Center 6b, and incline to the yertieal x wh 
| Lab hr oo 


s. 


-which'the plane it ſelf inclines) the line 5 » =k#[o, 
being ſo placed is the ſubſtile, of 
\ . Laſtly, becauſez his the neereſt diſtance be- [li 
-rwixt the Pole and the Plane, er being equilfth 
thereunto, and perpendicular to the Subftls,ir th ſt 
be the length of the Stile, that 1s (where the Subs | 6, 
ſtile br, is Radius) the tangent of the 4 of | n2 
the Pole aboye the Plane, which is all which was 
to be proved. co 
This Plane declining 30 degrees and reclining | un 
20 degrees, may ſerve for an example of planes [co 
reclining and declining which lic between the [ri 
Zenith and the Pole. 
The diſtance of the Meridian from the Hori- | H; 
zon isthe angle g 6c =58, 50', 
NOTE. 


Unto any Declination given may be found a 
Reclination, {ſo as that the plane compoſed ſhall 
have the &quator in the Zenith : chat 1s the Poles 
ſhall haye no height above the Plane, onely by 
making 4#=4Z in the former figure, and 
drawing x #; the angle g x # is the thing ſought, 

Or1if the Reclinatioh g  », were given, a De- 
clination might be found to.doe the ſame, onely | 

making {till 42 = 4»; andthe angle az w 
equal to the height of 'the om above the Ho- 
rizon ;andab6 = 4; and drawing the line 46, 


the a7 e x 4b, (hall be the declination ſought for, 
An 


thoſe Planes ſo made are called meridi-, 


ONA»y 


+ opal Planes, becauſe, they are parallel to the Axis 
of the Aquator, The Dial upon any of them 18 
be- Flike the Polar Plane, having the fame reaſon for - 
_ the paralleliſme of the hours ; but becauſe the Sub= 
ſtile may chance to fall neither upon our 12,nor 
Jub- | 6, but any where elle according to {eyeral decli- 
t of | nations, the place of chat mult be found. 7 
was | Which 1s done by finding a certain angle 
comprehended berwixt the Meridian of the place 
ing [and the Meridian of the Plane, which angle is 
nes | commonly called the- angle of inclination of Me- 
the I ridians, and may be found as follows, 
Deſcribe the following Circle we s forthe 
ri- | Horizon, and draw # s for the Meridian, and w e, 


Ffor the Phime Vertical, 9 g x, for the declining 
'*. | Fane; pr, the Meridian upon it, and pathe ele. 
« | von of the Pole aboye the Horizon, Thenin the © 


188 ) | 
triangle p oz right angled at g, it is evident by 
the firſ | (fnkin 4 Sr. ages that if you 
work by the,artificial fines & tangents,& alſo chuſe 
p = for the middle part, th Aquation will be this, 
5,C, pz + Radius =rc.g zpjutc.gp=z. 

* Andtherctore adding the fine of the elevation 
to Radius, and from the aggregate ſubtraRting the 
tangent complement of the declination, the re- 
maine will be the tangent complement of the an- 
e of inclination of Meridians , which angle 
oughtis pr for gpris god, 


Example. 

Let the Declination w z q be 60 degrees, 

The Reclination + g, ſo much as may cauſe the 
Plane q g x to paſſe through the Pole at p, and l:t 
pr be ſuppoſed to paſte by the pole of the circle g 
F x, thatiothe angle 7 pg, may be a yghtangle: 
and chooſe pz for the middle part in the-triangle 
bo <-ight angled at g,becauſe in the triangle g x 
z,the ſides xz and x g are quadrants, then un 
latitude 51, 32". 

The fine compl, p-z, 15 the fine of the elyation, 
» Thatis fine 51 32” log. 9893745 

To which add Radius, ſum is 19893745 

From which take t c.gzp that is,4.30d.9761439 


Remains tc, gpz or tang.c3d.36',—10132306 
 Theangle f px, therefore is 53, 36”. Which 
15 the angle of inclination of meridiaus ſought for, 


which being divided by 1 5(the numer ot deg.of |. 


—X-of ot R334 


- [the Equator accompted for every hour) the quo- 


tient 1s 3 Z-, or rather 3-325. which ſhews the 
hour from Neon over which the ftile mult .hang 
that is in the after noon 3 32 of clock if the de- 
clination be weſterly,or $ 323, if caſterly, this laſt 
the-morning hour, the other afrernoon, 

Now this fraction being retified (which every 
man thar hath any $kil in Arithmetique knows 
how to doe) and the intire hours of $and g, or 
4and 9 being alligned, the reſt may be found by 
angents of arches encreafing (til from the ſubſtile 
by the quantity of 15 d. for every hour. And fo 
the Dial may be made on paper. | 

But to place it right after it is made, the angle 
comprehended betwixt the ſubſtile and the hort- 
zontal line which 1s here 'the' line / g upon the 
Reclining Plane, muft alſo be found out * And 
may thus (working (til by Logarithmes) from the 
fine of the latitude plus R gdins, take the fine 
complement of the Reclination, 'there ſhall remain 
the ſine of an angle, which angle # the true di- 
ſtance of the ſubſtile from the Herizen. And 
mult be ſet oft from the horizontal line at the cen- 
ter of the dial weſtward if the declination (as here 
it is) be caftward-: Or elſe eaſtward it the de- 
clination be weſtward, . And fo the dial ſhall be 
nightly made and ſituate. 

| Now though allthis be moſt cake toal] that 
know how to-ute the Logarithmes ; yer that this 
may not dependthereon, the ſame things may mn 


und out Geometrically by deſcribing any Cir: + 


at pleaſure, 


ſne latitude *. tangent 1 nelination of Meridi- | 
ans". | i 
Secondly , Cofine Reclrnation ', ſine Lati- 
tude ** ; Rading '. ſine diſtance of ſubſtile from 
Horizon '*, 
Which is enough, any circle will afford theſe 
naturally ; for ſuch as afte& not the artificial, and 
the former Scheme will demonſtrate this eafily, 


Prod, 3, 


To find the ſame in thoſe called South Declining 
ſaclining Planes. 


Put the parallel lines p, q, for the horizontal 
' Baſe ofthe inclining Plane, * 
The Declination, angle ab c = 60d, 
The Inclination pc d = 58d. 
Make y z perpendicular to the line q in 6, 
Makeallo c ec ad. 
And bd zequalto the Complement of the ele+ 
yation, 
Joyne bandz, And make bk =bz, 
Through & (the line a6 being firlt produced fo 
far) draw k. parallc] to z-7,cutting the line q 4 
uM f, | | | 


And 


-* For firſt, Cotangent Declination ', Radius O, | - 


C. 


From | let fall a perpendicular tocdto wit /6 
Make hg =co. 
Then draw e g for the ſubſtile. And, 
Makeg »==/0, andat right angles wich To 
And draw e n for the Stile, 
And'e a for the houre of 1 2 
' Sothe Dial may be finiſhed like a Declining 
\ | Vertisall, 


J 


" wal 


> Was 


DE. 


\ DEMONSTRATION. 

acauſe abc== kh bz, is equalto the decli- | 
nation, therefore the line k 6 4, 18 the horizontal |. 
Meridian upon the baſe pg, And 6k =bz ty 
conſtruRion , and the triangles d b k and dbz 
are equiangle and equal,having oneccommune fide 
d b ;and a commune angle b 4z,and bh —b z, 
therefore a right line patſing fromk, in the ho- 
rizontal Meridian to d, ore in the yertical Me- 
ridian z- y, ſhall repreſent the Axis of the Aqua- 
tor ; for the angle þ dk equal to.b dz, is the com- 
plement of the cleyation by Conſtruftien ; and 
d b k a right angle. 

Andtherefore whenſoeyer the poin &, is cither | 
ſhadowed, or 1nlightened, the point 4 is the ſame; 
and the point e allo, becauſe it 1s in the ſame Axis 
with &, isat the ſame time fo affected ; wherefore |. / 
the center of the dial being at e, a line drawn ſor: 
from thence upon the Plane to 4, ſhall be the qu 
hour of 12, 

And becauſe the Hypothennſa 44, or ek, is the }o1: 
Axis paſſing from e, in the inclining Plane by k,, I? 
'1n the horizontal Meridian ; and the Poue'Þ bei 
being in the lineks bg, a cular let tall J®1 
from thence to the Plane (hall fall in the famt 4 
lineks bg. 

Make ex =>hg=&c0. Then a perpendicular I 
from / to x, is the ſame' wgh that from /too, Jt 


namely che line / o, 


11S 


we |. And becauſe b /==5h,ande x=h g,th re 
wn [lore a perpendicular let fall from k, to g, thall be 
the Itqual to /.x, or / o, NATE 
And becauſe k (as hath been ſhewed): 15a: 
the Joint in the Axis, and g, a point in the Dial 
k, [anc,athe perpendicular k.g, or /o, ſhall be the 
;& ſicipht, or (as fome call it) the lengrh of the Stile 3, 
x more properly (making e g.radus) the tangent 

me. Bale height whereby the Pole. is cleyated aboye 
anes UT ONTO BITES. - 
ar | Andthe point, g,where it cuts the Dial plane at 
0, [tightangles,ſball be a point inthe ſubſtile, ,  ,- 
But e; or 4, 1s the enter of the Dial; as hath 

wſbeycd already, - — 


z 
_— = - 


; Therefore a line drawn from e, to g;that is the I 

line ep, is the Subſtilar, | 

And becauſe g x=/ 0, and the angle e g »,1is 

a right angle, therefore the line e x, drawn by the 
points e, and », is the Stile, 

- Enough is already written to ſhew how to 
find the Meridian, Subſtile, and Stile, in all de- 
clining verticals, and dechning 'Horizontals, 1 
mcan declining and reclining Planes ; In which 
there isthis of brevity, that not onely che thiugs, 
chat.1$ their Magnitude, but their places and Sr |; 
ruations upon the Planes, are all oby1ous together 
in thevery working ; or with a little tranjpoſitr | 
OJ made (o | | 

: I ryeant not to be general in this ſubject which 
13 the reaſon why I have forborn to fay any thing 
of Hprizontals, Prime Verticals, Equinotials, Iwo! 
and Polar Dials, Yet becauſe rhe book ſhall not [gi 
be rendred (to ſome perſons) uſcleſle for want) of [+ 
theſe ; at the end hereof .I purpoſe to append 4 ſling 
Fable (out of Kercherns) by which the Horizon: Jije 
tal and Prime Verticals all over Exrope dry of 
ly, may be'made by the quantities of their Arches Je 
ter-down, m the table and to be ſer off fromihe by 
Meridian of the phne upon the Dial Plane, ant ſhe « 
may be meafured-upon any Circle there delcribed like 
at pleaſure, | | ; 
 - AquinoGtial Planes (I mean ſuch as areſo de- [7 

nominated from the planes not the. Poles) are] © 
ſach as have one of the Poles for Zenith” upon | jd 


* 


keſe; a circle divided into 24 equal parts gives 
 {[[kehours; anda pin perpendicular to the center; 
18 I{ofany length) 1s the Stile, 
he | Polar Planes have the Equator in the Zenith ; 

nhere theſe are proper Horizons, the Subitile and 
to [Meridian of the Place are all one; the hours pa+- 
Ie- Fullel to it ; their diſtances from it meaſured by 
| Jungents of 15, 305455 60,75, 90, &c; degrees 
> Jiccording to any Radius ; provided that Radius 
g5, Iethe ſamie with the heighe of the ſtile ; which 1s 
SE [pin ſet upright in the center of the Circle to 
Xt Johich che tangents belong, HD PT 
tl- J- Eaſt and weft Planes in any latitude are of 
[his kinde differing onely in longitude, go; de- 
ch Jatecs ; by which it comes topalile that in theſe the 
ng Jhoure of 6. is the ſubftile-and the rett of the: 
ls, Jnorke (leaving; out unneeeflary hours) the fame 
not {in the former, - 
'ﬆ1'To phce theſe right upon the plane draw a: 
1-4 line parallel to the horizon; and in any. conve- 
Nn- Iment place from the horizontal line 1n an arch 
ak Jef fome circle fet off the latitude;included berweers 
«Je ho®: ontalline & another, that other line,cur 
the Fa third line at right angles, the third lime ſhall” 
ul ſhe the Aquator, the ſecond the ſubſtile, the reft 
&> [like that before. Prob. x. 

Probl. 4. | 

Ie- | Todraw any Ferticall Dial by bilp of at Ho- 
Wit} © 20ntal dial; without any Equator. 
91 Making the Center x,and at avy diſtance te- 
_- *X © feribe 


{cribe-2cixcle, on which (having made x 4 the\ 
- Meridian) fer off the horizontal Arches. proper 
tothe latitude (taken or of the table hereafter 
followiftg, dr any other way ;) from the' Meridian 
making thereby -markes in the ciccle, by which, 
and the:c<rter x draw the horizontal lines x 1]. 
x 2.%-3, &c..on both fides the Meridian to cut 
the dechning plane (which inthis example is the 
line r c,declining from the Prime Vertical o 5, af-|. 
much as. is:the angle o 47 that 1s almoſt feyende-| 
orees).in the points 1, 2, 3, &c, onthe one fide; 
and $,9, 10, and11, oras many of them as the 
plane will reccive on the other fide of the Meri 
dian :-to which points lines drawn from the cen- 
cer of the dial; that is z ſhall be the hour lines, thethe 
angle 4 xp, 15the cleyation. THT F 
- The faid center z,'15: found out by making 
az ap, the ſaid a pbeing always the fine din 
the latitude, where rhe line 4 x is the fine of theſcor 
complement.thereof, that 15, having niade .x « theſti 
merich2n, and o 5, the prime vertical; and the an] 1] 
ole- ax:5 [equal to the latitude , the. point pyſell 
and the: line! @p,.are thereby given, ery | the 
mad? 2 4, perpendiculas tort, make 4 4 equal 


Now to find the ſtile and fubſtile, it is already 
ſhewed at firſt in the yettical decliner. 
Congeming Azimwbs , eAltvicamers , and 
other ſuch thangs, I (ball. not fay-nich; becauſe 
where, there needs. molt-Art to deſcribe rhiew, 


c < 


T 


as 


here they are moſt uſcleſſe; ſerving but to make a 
Dial more blind,which looked too-mnch a fquint 
ngitfore. And although the Dialler have all prompt 
e Gin his head; yet very ſeldom doth his fand ſo 
theſconcurre herein as to inſcribe theſe things in their 
 thefaghe places, eſpecially in oblique Plages, _ 
an] Before I medle at all with theſe, it will be ne- 
py to proportion the Perpendicular File to 
inglhe Plane, = A 


————— 


s 
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CHAP. XVII. © 
Of the Perpendicular Stile. 


aukÞ His muſt be perpendicular to the ſubſtile, and | 
m1” i the top thereof determined inthe' Stile, a 
16 Q | 


- - If the Plane be ſmal, confider whether it be 
dire, or declining, and much declining. 

If direR, the ſubltile may be placed in the mid. 
d:(, if decluning, th:n on the part oppolite to the 
declination, 

The ſubſtile well pJaced, (and roome left for 
the figures) divide it into two parts, ſo as that 
part next the center of the Dial may be the ta 

t complement of the height of the Pole aboye 

e plane ; andthe other part the rangent com- 
plement of the Sun's meridiona] h21ghr in the be- 
ginning of that Tropique which 1s to be more re- 
mote from the center of the Dial, 

And the Radus proper to theſe tangents ſhall 
| bethe perpendicularftile, to be placed in the point 
of Diyifion in the ſubttile, perpendicular there- 
wto, | 
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Of the Signes, or Parallels, he 


A Sione isa tweltth part of the Ecliprique, and I fo 
Eontaines theretore 30 degrees. 

A Parallel, according to the vulgar tenſe, is the 
Suns diurnal Motion day by day : And becauſe | bþ 
there arc 47 degrees from Tropique to Tropique, I th 
there may be-fo many Parallels tha 1s, circles | 4 
which the Sun deſcribes every 24 houres tuppoſed J of 
Parallel to the Xquator though not exactly to; ta 
and alrhough there are 47 of thel* yet in our lat 
rude of 51, 32', we accompt bur 9. viz, thoſt 
yyhich are the day from Syn to Sun-when it 158, 
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t be 


nid. 


the 


$10, 11,12, 13, 14, 15, or 16, hours tons.” The 
Detcription of theſe parallels and of the hgnes 4s 
made the fame way : onely due reipe& muſt be 
tad to the quantity of the Suns declination; j6r 
n all dire& horizontals, the perpendicular file 
deing Radius , the tapgent complement of the 
Suns height,in any figne or parallel,at any hour of 
of the day,ſct off foe the foot of the laid file,and 
extend:d to the hour line,gives a marke,by which 
the parallel of that day ſhall paſle, So rhat this 
Worke repeated fo often as the number of paral- 
[:ls to be inſcribed, and the hour lines require, 
ſhall give reſpe&ive points enough in cach hour 
to draw cach parallel by, PEE 


Example. 


In the latitude 51, 32/. the Sunbeing in Piſces 
(che beginning thereof ) the degrees of the Suns 
height aboye th: horizon ar every hour being as 
followeth, that 1s, 25. 37”. at one of clock, a1. 
49". attwo; 15. 57/.at three; 8, 32, at foureand 
the fame for eight , nine, ten, and cleven re- 
(de&ively,if the perpendicular tile being Radius, 
th! tangents of i complements of 25. 37'- 33. 
49'. 15.57 . 8. 32'. be applyed from the foor 
of the (tile to the reſpeRiye hour, that 1s, the co- 
angent of 25. 37'. fromth? foot ofthe tile rothe 
hours of 1, and I1. and 1o the othzrs, they ſhall 


Þ 


e points 1n every hour-line one, vy whicha 
6 being drawn with an even hand ſhall be th: 
= O 4 Paral- - 


Parallel at the beginning of Piſces, And thellike 
o* all the reſt, 
 Andtherefore getierally in verticals, as alſo in 


all recliners that 1s to ſay upon all planes what-, 


{oeytr,draw a horizontal nl propes to the plane, 
and inſcribe the (ignes or parallcls upon it, by ſer- 
ting off fromthe foot of the perpendicular ſtile, 
the 'tang=nts complements of the Suns height at 
eyery hour ia the beginning of every ſuch ligne, 
above thar plane taken as an horizon, the perpen- 
dicular ſtile being ever Radws ; and at th: end of 
theſe tangents {o ſet off, upon every reipeRiye 
Hour-line, will be a point, by which points, lines 
drawn with an cyen hand, ſhall give the parallels 
d:fired, This horizontal Dial being drawa in 
obſcure lines,th= Dial for the plane may be drawn 
afterwards, The Pagzallcls terving which were 

drawn before. | | | | 


; Example, 
Suppoſe (as M. Wells doth pag. 185) a plane 


dceltning 30 degrees, and reclining 55 degrees; 


the height of the Pole above the plane 19 degrees 


25 minutes ; the Suns height at the beginning 


'22h.. $3d. <.. ©; 
SR? N.3 73 39 
Of Taurus och 3s 3 
at the hours ofy 3 46 2 
4 31 $3 
d..3... 37.47 
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The tangents of the complements of 82, 5", 


and 73, 30. and 60, z. . &c, {et off from the foot 


of the perpendicular ſtile (the ſaid (ile being the 
Radius to thoſe tangents) to the obicure horizon- 
tal hours of 12, 1, 2, &c, give the true diſtances 
between the foot of the ſtile and thoſe auxiliary 
hours for the parallel of Tawrzs. And io the 0- 
ther Parallels may be found, 

It is true, the height of the Sun at every hour of 
the day, at the beginning of every Ggne,in any 
latitude 15 not cafily found out without Trigono- 
metrical Calculation by Logarithms of the fines 8 
Tangents, or by trulting to Tables already Cal- 
culated, it any gps to be done for that latitude 
already, the way of making a table ſhall be ſhew+ 
ed towards the end, 


Of the Vertical Circles, 


Theſe are vulgarly called Azimuths ; and are 
oreat Circles whoſe Poles lye in the horizon, and 
interfefting one another 1n the Zenith and Na- 
dir of the Place, 

The whole Horizon being divided into 32 
parts equal, theſe circles ſhewing thoſe diviſions 
are called points of the Compaſle, and marked 
$,SbE.SSE, &c, Every one diſtant from 0- 
ther by, 11 ;deorces, 

But the better way of accompting them is 10, 
20, 3©, 4c, 50, 60, 70, &c, degrees from the 
Meridian, 

L In 


"FF 


' x Tn all horizontal dials, the Perpendicular 


Nile being choſen, making the toor thereof the 


center, at any convenient diſtance deſcribe a cir- 
cle, and accompr from the meridian both ways 
arches equal ro 10, 20, 3o, &c, deorees, from 
which diviſions right lines drawn to the-foot of 
the [tile aforeſaid, ſhall repreſent thoſe Azimuths 
upon that dial. 

3 Upon a Prime Vertical (or South) Dial, 
through the foot of the perpendicular ftile draw a 


right hoe parallel to the hor1zon, and making the 


faid ſtile radius, uponthe parallel] line fer off both 
ways from the Meridian tangents of 10, 20, 30, 
40, &c, degrees, through which diviſions right 


lI:nes drawn all at right angles with the parallel 


line ſhall be the Azimuths. 
3 Uponany declining Vertical the ſame being 
done ſhall give the Azimuths of 10, 20, 30, &c, 
trom the meridian of the plane, or from the Me- 
ridian of the place, jult allowance being made for 
the diftance of Merdians, 
4 In South Decluuing Reclining Planes, the 
—_— (tile being choſen, and made the 
adius, the tangent complement of the Reclina- 
tion —_ from th2 foot of the ſaid ſtile to the 
meridian of the placeyſhall determine the Zenith 
of th: place, through which, and the foot of the 
{{1]2, that is the Zenith of the plane, a right hine 
drawn ſhall bea perpendicular to the horizontal 
lne,which ſhall congurre with the xquator in the 


hour A 
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hour of 6,and the therefore if from the foot of the 


file upon the faid perpendicular towarcs the 


North (for the former application 15 made to- 


wards the South) be ſet oft the tangent of the re-= 
clination, a line drawn from the end thereof at 


night angles with it, ſhall be the horizontal lime : 


upon which the tangents of 10, 20, 3o, &c, (the 
ſecant of the reclination beings 1ow made Rad1- 
us) ſer from the ſaid right anglcylines drawn trom 
them to the Zenith of the place ſhall bethe A- 
zimuths, 

5 The diſtance berwixt the Mcridians being 
known, upon the horizontal line, the Azimuths 


' Which were accompted from the meridianof the 


plane may be firted for accompr from the meridi- 
an of the place with caſic, 

For exampl2, ler that diſtance be the tangent of 
20 deg. then that Azimuth which 1s 10 from the 
one, 15 10 f:oin the other allo, and that which is 
zo on the ſame (ide of the fubtriley 18 210 on the 0+ 
ther fide of the Meiidian of the place, the ike 
Mcchod ſeryes tor any diſtance, 


Note 1. 


It may be nored, that al:horgh I lave ſhewed 
the conitiuection ofa Sourh rechin1ng plane at the 
beoinmng hereof ina figure prop» r only to thele 
plan:s which recl.ne no: furch=: then the Pole, | 
whereas in thoſe that dos. and ci.toughthere be. . | 
l9:ne variation of the Sclicae. as you nay lee by | 
© COIl.. 


comparing this with the former (at the firſt be= 
g10MDg of this ſubje&) for the point b, which 


there fell on that fide of the vertical meridian 

z x towards q, here falls on the other fide towards 

s, likewiſe the hour of x 2,that is 6 c, did there fall 

berwixt th2 axis and the ſubſtile, but falls here be- 

ewixt the ſubltile and the horizontal meridian 

b a: yetthis notwithlianding the conftruRtion is 
2 very lame 1n both, 


NOTE, 2. | 
It may be further Noted, that as the Reclinati- 


on may increaſe, the points »,c, 7, all approach 
ill neerer to 4, and when the reclination 1590 


they. 


ms MY md 


| LEE (haying ftrſt drawn the fines f 0, and de, 


s 


they are all coincident, and this yaniſheth into an 
horizontal dial whoſe ſubſtile will be 6 4. 

Alſo if the Declination be ſt1ll increaſed, art 
laſt the pointsb, and »s, will be coincident, and 
the dial plane will be parallel to the prime verti- 
cal, and the work a South dial whole ſubſtile is 
or may be z 4, 

But whether the dcclinarion increaſe or not, if 
the reclination amount to 70d, or aboye, then the 


| ſubftilar line applyed (as before) from &, to the” 


vertical x x, ſhall tall between the points 4 and x, 
upon the bale of the plane, By which means the 
former method 1s rendered inſufficient , or (at 
leaſt) inconvenient 1n this caſe, Wherefore has 
ving deſcribedany femicurcle on paper, and made 
thereifithe angle d 4 b, equal to the declination 


(which let be 5od:)and the angte fab equalts 
the reclination (which let be 75) make b a' fo”. 


and 


and the tangents 6 c,)ſo q becomes a line known 


| - Ietbe 6b + =4, and draw r 4 curing the circle in 


#, draw allo » mw, forthe fine of #b, and againe 


make. ba'. ma''. oa', x”. x therefore being 


a line known, may be a fine, as let it be the fine of 
the archg /, and let g p be che latitude gr, 32'. 
and /sth: {ine of /p: makeagain, wa'".ls',e a, 
&', maker h==z, the fine of the arch /prand 
make ha'.ta".sd.y". Draw radius a w pers 
pendicular to 6 g, Laſtly make k # ==, the (ine 
of the arch g # : then ſhall the arch w # be the d1- 


Rance of rhe meridian of the place from the ho-. 


rizon ;and the arch p t the h-1ght of the ſtile, and 

the arch gs the ſubltilar diſtance, which are all 

that were {ovght, 

 -» This, being according to the common way 
trodd2a in Trigonometry, I ſhall not need to 

. prove, : 

In like ſort when any ſuch incoriyeniency 
(hall happen in Souch dcelining incliners, they 
that would doe it withoust Logarithmes may 
work by theſe Analogiſmes, ; 

Fr Radius', 5 mnclination”, t 'detlination 
t. _ 

2. 5, declination”. radius”, s.6', s. c". 

Then, c + complement of latitude taken from 
180d, letthe reſt be called 4. 

- 3 $,c, $.invlination” ,$;d'.-3.f””, 

4, t. inclination”, 5.67, r.f*. s, of 

Then, isan arch whoſe complement to 90z 


1s the diſtance berwixt the meridian and horizon, 


Allo c, 15an arch which being added to the 
complement of latitude, and the aggregate taken 
from a Semicircle, the reſidue, namely d, is an 
arch compoſed to find fy, which 1s an arch equal to 
the height of the (tile, or Pole above the Plane. 

Laſtly, g or the complement thereof to go deg. 
an arch-<qual to the diſtance of the ſubſtile from 
the meridian of the place. 

And theſc are enough for any man that is but 
mdiflerently skilled,to finiſh the dial with,which 


| being deduced from M, Wells, in his Chap, 20, I 


ſhall not necd to prove, This 1s for ſuch planes as 
incline more then the diſtance betwixt the Ze- 
nith and the Xquator, 


eAlmicanters 


Are leſſer Circles of the Sphzre, and may be 
Glled the Parallels of declination from the ho+ 


Tizon; having in all reſpeQts the {ame relatiort 


and habitude tothe Azimuths,that the Signes have 
to the meridians, although theſe are accompted 


| by 15'd. and thoſe uſually by 10d. and therefore 


as 1n the deſcription of the Signes an horizontal 
dial proper to the plane being fart (obſcurely) de- 
lineated, it was 7 Era that the points through 
which the (1gnes or Paralkls muſt paſſe upon e- 
very hour, mught be had by applying the tangents 
f the complements of the Suns herght art thoſe 
hours in thote Paralles, fromthe foot of the per- 


pendicular 


| 
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pendicular ſtile to the refſpeAive hours ; ſo here |- 
making uſe of that: Azimuth which is perpendi- 
cular to the Plane ; (which in all planes 1s that 
which paſſeth through the foot of the perpendi- 
cularſtile) the reſt of the Azimuths being alſo in- 
ſcribed, the rangents complements of the Suns 
height: above the plane, when he is in any Azi- 
muth'applyed trom the foot of the ſtile to the {aid 
Azimuth gives a point,through which that height; 
or almicanter upon that Azimuth muſt paſſ@ * 
Example, in the Triangle p z s, let there be 
given the complement of Eleyationp z, the com- 
plement of th Declination p 5s, and the Azi- 
muth pz 5, to find the complement of the Sun's 
height = 5. 
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 Suppolethe fide 5 & continued till a Meridian |. 
from p,cut it at right angles in c. | | 
Then firſt itis e 6, pz/, Radius? s, c, pz, 

A p "of a | 
_ Secondly; $,C.p&', $,C pil, 5,c, 2.3, 0 tim 
IT. | _ 


$04 rand 7 ebeing ſeverally found, the diffe- 
rence berwixt them namely s « — z-4is the coms 
plement of the Suns height above the Horizon, 
i= | Then find how high the Sun is abovethe plane 
1. | the dial at the ſame time, the —_— comple- 
1s {ment of thaz hejght applyed, from the ſtiles fook 
i- 0 the Azimuth repreſenting the angle pz [0 
d [gives y_ it the Almicanters point, or paſſage. 
t; |:-Orbecaule 5, pY. pz 5 ur. ap 1" 
"- the hour from Noon, that is the angle & ps, is 
\& [found, which will crofle the azimuth aforeſaid in 
+- [the fame point allo, 
i: | Which hour if itbe uticycn, and unfit to re< 
's [main with the reſt, may be drawn obſcurely, 
Of the Jewiſh, Bab Jloniſh and Italian hours. 
The Babyloniſh are accompred equal hours 
5 from Sun rifing, and may be inſcribed upon any 
Plane by help of thoſe two parallels, which ihew 
he longeſt; and ſhorteſt day conſiſting of intire 
tours,as here 16 and 8 hours and of the &quatorz 
br a line drawn through the hour of 5 1n the 
ſt, 7 in the zquator, and 9 in the other, 15 the 
lour of 1 from Sun rifing. 

Likewiſe in the fame order, through 6, 8. and 
ſhall paſſe the hour of 2, the like order 1n all, 

In Winter when the parallel of: 8 hours ſhall 
ule, the other rwo points will ſerve ; becauſe the 
urs to be drawn are right lines. 

But after the furſt fx han arc inſerjbed, the £&- 
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x, 


: 
4 


ce 
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quator failing alſogſome-other divrnalarch-as.of g 
or 10 hours mult be deſcribed ro ſupply that want; 
The Italian -hours are ,accompred -1, 2,3,Wc, 
from$un ſecting; to inſcribe-chele the fame diur- 
nallarches will ſerye, and'a-line. drawn through |, 
thetn:in the hours 9, 7.and 5. aker noon, (obſer« |; 
ving-thelame order as before) thall be thz hour 
ef x, the like through 7.5.and 3, ihall be hg 
hour 23, the. night hours of 9,10, 8c; are the 
morning hours pr HS AE, 

The Jewiſh hours are reckoned. like the Baby- 


and th2 zqu 
by a Ruler ( 

Example, in latitude 51. 32, the d;urnal arch 
of x 5 hours, is in degrees 225, which wh 
180 the quorient 1s 1'5, and.ſo much the Jewild J + 
hours of 5 and 7 are diſtant from noon, an haut | ; 
and quarter being a- twelfth part of the diwnil 
arch of 15 hours, which hour and. quarter beang 
doubled, gives the place of 4and 8, tripled. & 


L 


x »# 


wt and 9, tc. from noon, upon that pazal- 


ngen, and doubled is 1 


212 


of x5 hours. : 
In like manner the diurnal arch of g hours, is 
135 d. which divided by 180, quotient is $44 that 
53 ofan hour, which | has place of the Jews 
ih9 and 5, to be three quarters after or before 
x which gives the place 
of $ and 4, all one with our 1 4,and 10x, and is 
_ and/quadrupling and quintuphng of 4 
pres e places of the other hours on this paral- 
of 9 deorees, 


" Andthete parts doubled andripld as is ſaid 


mill always (in this parallel and the former) fall 
pon eve hours halves or $. we wer of our hours, 
which is the onely reaſon why the(e two parallels 
of 15 and gare preferred ; there being no neceſſiry 
of ufing them more then the tropiques or other 
aralleſs,onely this convenieney of even parts. 
Laſtly, inthe diurnal arch of 13. that is, the 

Equator the equall and unequal hours con- 
eurre, that 15, the Jewiſh hours of 5 and 7, with 
our hours of 11 and 15 ſotheir 4 and 8, with our 
2and ro, &c, (o that a line drawn from 15. in 
the arch of 15 to 1, in the zquator, and from 
thence to} in the arch of 9 is their 7, &c. 
© The Circles of Poſition 1 omit, not for that the 
w{criptien of them in any plane is difficulr, but 
Where the labour is rot much, and the uſe of the 
ag 4), I hold that labour too much, 

e way todeſcribe dials upon. Rings, Qua-. 
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17) 
drants. and Cilindess, as alſo Globes; and Cofi- 


caye-Hemiſpheres, I alſo ps oyer !- not for the- 


or of all theſe there is 


ſame reaſon as the other; 


muchwe, and pleaſure in uſing ; but becauſe eve- 


ty manthat ſhall have travailed through. dialling, 
on planes, with the. dreſſes therets belonging, 
cannot polſivly want fo much ingentofity, as may 
dire&him to doe theſe without book, 


— bt Aþ. * — 
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CHAP. XVIII. 


T remaines 6nely to (fy ſomthing of the form 
I ofghe Parallels upon Planes ; which (when 

they are not circles, (as under the Poles) are all 
and always Conique Sections, as is ſhewed by 
Mydorgins lib, 4, Prop. 34. And here ſhall be 
ſhewed how at any time or place it may te 
known what SeCtion it 1s; x? £28 this 1s not 
neceſſary, for the Dialer to know; becauſe with- 
out knowing th?emhe may draw them upon the 
plane, as hath been "Hor already. 

Take therefore thele three bricfe Rules, which 
by eAgnilonins [ib.6, Prop. $3, are proved, 


Rule. 1. 


' Whenthe Sun i in any Parallelyif the plant of 
the dial be parallel, ro a great Circle of the 
Sphere which toucheth the parallel, and the op 
poſite thereto, the projettion of the ſhadow u # 
Parabola. FF 


mm 


lo 


ſhall eur ſeyeral parallels more or lefſe unequall 
| by p 


"2 


Rule, 3. 

If the Dial plane be equidiſtant, to a great 
Circle which cuts the parallel, axd the oppoſite, 
the ſhadow runs in an Hyperbela, 


Rule 3 


If the dial plane be equidiſt ant, to 4 -_ 
Circle which neither touchath, nor cutteth tho 
Parallel, the ſhadew (of the perpendicular ſtile, 
for ſo we mean all this while) gives an Ellipſis. 


Example. 


Let the Poles elevation be (in the Scheme fol» 
low,) the arch ep. 
The Horizon w e. 
The Meridian w #es, 
The &quator « t. 
e Ithe Ecliptique, 
e 7, x [the Tropiques, 
b dany other Parallel, 
x, 5, Lenith and Nadir. | 
Now therefore it isclear, that the horizontal 
dial in latitude 5 1. 32. being :equidiſtant to the. 
preat circle we, which cuts the tropiques, and all 
the parallels berween them, as 6 d, or any.atheris 
(according ts that which hath been ſaid) ſuch, as. 
that the ſhadow thereupon all the year long ſhall. 
&{cribe Hyperbolaes ; but.of different kinds, as t, 


Ya 
But 


DRY. 
\W 
{N 


Butif a dial were mnade parallel to the Eclip» 
eiquee + which roucheththe Tropiques, the ſha- 
dows thereon when the Sun is inche Tropiques 
would be Parabola's. 

Laſtly, if the plane were equidiſtant,nor to the 
- £quator ef, but to ſothe other plane wk.,, whoſe 

eucle neither rouches any of the parallels, 
nor cuts them, the ſhadow there ſhall always 
erace ſonic Bllipſis; not always the ſame, but lefler, 
as the Sun, or his parallel approacheth towards 
the zquaror 2: bur greater in thoſe horizons which 
- Hake more acute 2ngles with the zquator ; unti 
«laſt the horizon 2hd the &quator being coinc 
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xH2 2-9%2 er aTS Tir” R EE 


—— 
AA 


-—— wr EI 


lent, the projeRture of the ſhadow ſhall be 2 


Circle, 
. Likewiſe the horizon howſoeverſituate, if the 


ko be in no Parall-], the ProjeQture iS a right 

It ſhall not need to bring hither the demon- 
trations, which A guilonius uſeth to prove all 
this ; forthe whole matter with fmal a doe may 
te manifeſted thus, 4 

The Sun being inthe ſouthern lignes, ſuppoſe 
the darke Cone c 4 7, in'North latitude to be cur 

2 plane c 4 y, through the Vertex 4, perpen- 
la to the ABne Pe the baſc, it gives NS. 
angle c 4 7,for the flat and under. fuperficies ofthe 
ſemicone £4y, And letro, be the ehoxiton, or 
dal planes (tor cvery dial plane i is paralle] to ſome 
horizon) and let it be equidiſtant toc 4; then the 
commune ſectionr o, (whichwhile the Sun is in 
the tropique-x,diftinguiſheth or ratherſeparaterh 
the light fromthe darknefte) 1s by the Defrmtuon 
general, of Chap. x1. A Semiparaboha , 1n. hke 
fort nn, be ew, if the Sun were 1inany.other 

$ſuppole 6 d, for ſuppoſing the pricked 

= ro, to repreſent the dial plane, parallel to 

ba, the ſame concluſion follows by the ſaid De- 
hairion, 

Secondly, let the dial plane be R ©, parallel 
to the great cucle we, which curs the parallelc ps 
in ©, then by the faid: Definition general, 
commune { Fong RG 2 whuch that ke Srl vyoeye 


F.4... 


mi-hyperbola : or if in ſtead of the ſemicone, one 
conceive the {eRion of the Cone through the ver- 
rex and axis, to be the-plane triangle c 4 y, and R 
© as a right line, tobe onely the diameter of the 
ſe&ion, the thing isthe ſame, and the ſeRion 
the ſecond of the third definitions of Afydorge- 
*, an Hyperbola. | | 

Laſtly, (to avoid confuſion of lincs) ler the Sun 
be in the northern ſignes, and x 41 the darke 
Cone, and z / the dial plane in South latitude e- 
quidittant to the great circle »s k, , which neither 
roucheth nor curreth the parallels, it is evident 
that z 1, or any line equidiſtant to »» k,, ſhall cut 
the triangle x a ,made by a ſeion from the ver- 
rex, as before, in both the ſidesx «, and / a, and 
is therefore by the third of the third Definitions 
of Mygorging the diameter of an Ellipſis,or con- 
ceiving all by the general definition of Chap, 11, 
as before, it 15 halfan Elliphs, | 

And fo any other line paralle} to /, and grea- 
terthen x /, 1 the diameter of a greater Ellypſis, 
or rather an Ellipſis of a greater Cone, which 
might be made by producins the lines 4.x, ard « 
at pleaſure. end 

And this is proofe enoughyfor all that hath been 
ſaid of this matter ; and enough hath been aid (1 
)to make it intelligible, 


will now ſhew how the Suns height for every: 
hour of the day, inthe beginning of any figne, 
Let. 


d. 


within any latirude may be fo 


the light and darkneſfe upon the Plane, is a fe- | - 


4 Let the Latitude of the Place, or the dial pline, 


1: declining 1 1. 30, as1n 


the fide 5 z, isthe complement of the Suns height, 


be 19. 35". and the ſigne the beginning of Tax- 


nap. 17. 
And let it be requiredto find the Suns height, 
at any hour that day.mmthat place. 


- Suppoſe any ſpherical triangle fir for the pur- 


ole, (no matter. for exaR delimearion, ſo there 
be ſomthing to help the fancy) a$ here the trian+ 
gle z ps, wherein ler pbe the pole of the Aqua- 
tor, = the Zenith af the place, and sthe Sun; and 


x ps the diſtance betwixt the meridian of the Sun 
: p, and the meridian of the place = p, that is, the 
hour fromnoon, 

The eaſieſt way to work, is by Logarithmes of 
the fines and tangents, becauſe ſo Addition and 
Subtraftion ſupplies for Mukiplication and Di- 
viſian, 

The ſide pz, 15the complement of the. latitude, 
and is 7Þ. 35”. likewiſe the fide p 5s the com- 
plement of the declination, and is-78. 30:. and 


or the of" the thing required, Now 
then ſuppoſe the cular zr,t0 cut pF nr at 
right angles ; al{o ſuppoſe the hour required to be 
4or$ otclock, and 4 an afternoon hour, then 
2 ps =60, which is given, to find 5 z, or rather 

the complement of s z, | 
- In the right angled crangle z 7p, chooſe the 
angk =, pr, for the middle part, Then 'it will be 
5., 60+ radius, whole log. are 196989700 
Equal t.c.p tp ſubſi.r.c. ps log. 95471377 


Remaines the tan. of pr=2.54-49.10g.10 1518323 | ( 
Take 54+ 49". from 78. 30'. the reſt 23. 41, 
#s.equal tos r, Bur it 1s known in Trigonometrie, 


Thats.c. 7 p'.s.c.Y5".S.c. pz .9.C.i2" : 
Adde the two middle molt, 
That 18, tos. c,23. 41'. 099617909 
+ Adde 5.6.70. 35%. 95217074 


| W—_—————————_ 


Summe1s = 194834983 
From which take s. c. r p(54. 49'.) 9760569! 


Remainess.C. 5. = 3I. 53. 97229291 
Which is the height of the Sun aboye that Ho- 
rizon, at 4after noon or $ before noon, And (0 
at two operations, may any altitude, for any hour 
yen, aboye this, or any other horizon be cer- 
rainly found, If any like the natural fines and 
2ents better , he hath three thmgs given to 

find a fourth, for firtt, 


tiki 
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t.Ch&.$.6r pu". Radiu? t. p r'. Secondly 
b,c.pr.$.c.ir".9.c, pz'.5c.t2".5 before, 
The perpendicular z r, ſhall ever (for the hour 
berwixt 6 and noon )fall within che triangles, be+ 
cauſe the angles z s p, and & ps are bothacute,as 
in Note 2. of Definition 2, | 
At6 of clock the angle @ p 5, is god. and 
$, Cc, 3þr=s, c.p2-þ5.C.p5. 
' Tpur r, for Radius, always for abridgment, 
Ar the hours after 6 at evening, or before in 
morning the ſaid angle z ps, is obtuſe ;; then the 


ſame triangle re 
| It18,3. c.p rac. pri s$5.t. 2.8.45" 
The archp r, being firſt found, as before, Or 


it is the fame in hours equidiſtant from6, 
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136 13 


138 58; 


121 42 
123 3 


tor 249078 4069 I1i6s 10 
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(12 24102 1 
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99 77 50 
90 77 24 
90 96 56 
go 76 28 
90 75 58 
104 339075 27 
los 69074 54 
lo5 4090 74 2c 
106 16.9073 44 
106 $3 9073 7 
107 3399 72 27 
108 1591 71 45 
109 o{90 70 ©0 
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73 $4170 52 
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betwixt the Meridian, and each hany line 
| "pos the Diall Plane, for Horizoutall and 

erticall Dials, Calculated for 11 Eleuati+ 
ons of the Pole ; 


—_— 


_ 


8 4j311® 18129 4 
Z $8 571i8 46/39 32 F 
: E 
E g 
2, p 
4 £ 
: :| 
> - 
S |46 
FE Z 
—_ 
By 3 24/70 5g; 139 


2138 58154 29/71 4 | 
18]; 19154 49/71 54 |3s) | 
4 ak - —— I —— —_ . 


C 


27138 IS153 46/71 13 38 
43133 Hh $71 a 37 
bl 


AT; able of arches of the Herizan intercepted | 


ew cre nn 6,7” © 


Theſe Tables need no explanation, the uſe 
6f them being evident. Burt if they prove not ſa- 
risfaRorie) for want of calcylation, for further 
degrees of Elevation ; or for want'df halves, and 
quarters of degrees, or the like of hours, they are 
28 Thad them out of Kercherws his Ars Magna. 
Nevertheleſſe 1 will ſhew the making of them, 
whereby any man may fit them for his own pur- 
poſe, and for his place, (if it happen without 
theſe limuts) by his own calculation, as followeth, 


Firſt for the Table A. 


Radius't, c.Elevation””, z. e',Declination', b''- 
This 6, is the fine complement of the angle ar 
the Pole, which ſhews the hour from Noon, in 
Winter ; and the hour from Midnight in Summer, 
wherein the Sunriſcth, having declination, which 
declination is ready in tables , the making. of 
which ſhall be ſhewed anon and allo the table of 
the Suns declination atthe end hereof ſhall enſue, 
The angle atthe Pole, ſo found being d:vided 
by 15. ſhewes in Winter the ſemidiurnal arch in 
hours, which was had by the firlt working in de- 
grees and minutes, 
| And in Summer the ſeminoCturnal ; whoſe 
complement to 180 degrees or to 12 hours, 1s the 
thing required, here allthe time from the yernal 
to the Autumnal XquinoCtial, 1s called Summer, 


Secondly 


Secendly;for the Table B. | 

5. c. Elevation', s. Declination”', Radius" 

4. 6. Azimuth”, which Azimuth being compared 
With god, difference is the Amplitude, + 
Example, for Elevation 40, initio I 


To Radius log. IOcOo080 
Adde Sine declination 20, 13 log, 069538537 


Surnme 19538537 
Shbtract ſine complement elevation, 9884254 


G Remaines A 

inc complement Azimuth, whic 

ca adore is the Amplitude b 654383 
The arch belonging to line 9654283, being 

ſought in the Canon, is 26. 48", which is the 

Amplitude required, where the Elevation is 46 

degrees, | 


Thirdly, for the Table C; 


Firſt, to find any horizontal arch tor any hour, 
as for Example 3, or 9. | 

Radius”. ?. of thz hour indegrees, that is here 
t. 45”. 

th Elevation”, t, of the arch required”, 
\ Orelke, e.c.45'.r.5. Elevation”. r; arch-re- 
quired”, | . 

Secondly, in a Prime Vertical, 
Radius”, c, hour””. s, c. Eleyation'.r.of the arch”; 


It 1s at firſt in the Symbols, Chap. 1, _—_— 


$ 
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that the letters ys. and 7, ors. c, and tc, fignifie the 
fine, and tangent; 'orfine complement and tan- 
gerit complement of an arch or angle. | 

And working by the Logarithmes of. the fines 
and tangents, the former Analogiſmes happen not 
but in their ſtead certain Aqualities, or Xqua- 
tions, as follow, 


For the Table A, 
tc, Elevation tc. declination = Rad: +6, 


Which, is the co-ſine of the thing required, 
that is, of the angle at the Pole, which divided by 


I5, givesthe time, 
For the Table B. 


| Rad: +þ&, declination =#c. clevation + 
56, Azimuth, 


For the Table C. 


the arch; or more readily thus, t c, hour” ry 
Elevat” #, of arch from the ſubſtile””, 

It mult till be remembred that r, Rands for 
Radius, | | 
| The Elevation is always taken for the height 
of the Pole above the horizon, which horizon 1s 
the dial plane, : . 

In _—_ planes, as the Prime Vertical, and all 
other verticals, the height of the Pole above the 
plane muſt be uſed, having therefore found that, 


- 
. 
U 


call it p,vr clſe call the dechnation 9, then 
rg +;,cleyat, =r +5. p. Is 


And 


s. Elevation 7, the hour = Radius + & + 
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And, r+ 5, p,=2e, the hour ++, the arch 
of that hours diſtance from the lubſtile, 

So after (tiil till all the hours be found, this la- 
ter work muſt be repearcd. 

Whereas we uſe tc, the hour, and. the arch, 
by the hour is always meant the angle 2 at the Pole, 
orthe {pace there included between any hour, and 
the ſubſtile;as 15 d, for i, 30d. for 2, &c, The 
arch is. the diſtance of a: ay hour from the ſubltile 
meaſured in the arch of a circle, whole center 1s 
the center of the dial, when it 1s projected upon 
the plane, 


To find the Decli nation of a Place. 


The declination 1s an arch of a great circle 
paſſing through the Poles of the Wo: 1a, and the 
center of the lace whoſe declination 1s ought, 
mnrercepted between the faid center and the! Ae 
quator, 

If the place have 1919 witode, that is, if it be in 
the Echpt: uque, the nzereit diſtance from eAries 
or Libra | being 2 S1VC, call it b, 

Then yr s. 23d, 32m $.6b'$,e7 ande,is 
the declination requued : working by the Natwal 
Simes, 

Secondly, if the place bave latirude, that being 


given, orfound n Tables, and the right JET 


which the circle of latitude makes with the Eclip- 


tique, (for all circles of latitude do ſo, as-the cur- 
cls of declination do with the Aquator) and the 


"next>, 
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Next diſtance to Aries or Libra being allo given, 
1 Then if the place lie betwixt the Ecliptique 
and the zquator, call the neerett diſtance to Vf or 
X.b, as before. 

And the latitude given c. Tt 15 Legarichmical- 
ly 5s. c +r =s, b-|5, a& a, 18 an angle, which 
being taken out of 23.32'.Jeaves an angle, which 
angle call d, then s, b +s, d =r +5,e. 

Ande, 1 the declination required, 

2 It theplace lie betwixt the Ecliptique and the 
Pole, the angle a, found as before, muſt be added 
to 23.32", andcall theſum f, then s, 6 +, f=— 
r bs, e, &c. 

3 Laitly, let the place lic betwixt the zquator 
and the other Pole, then s, c 4+-x =5, b + 5,4, 
and from a, ſubtracting 23.32". call the reſt g. 

Then s, 6 + s, 8 = r +5, e,ande, the . OY 
nation, 

To find the right Aſcenſion of a Place. 


If it be in the Ecliprique, as the Sun 1s, let the 
neerelt diſtance from Aries be called (till 6, Aud 
working by Logarithms,it 15 7 5 $ 6 2 2.33 = 
=tc,b+t,a, 

And a 1s the right Aſcenſion, 

2 If the place have latitude, call it ſtill c, and 
kt the declination {ound with latitude, as before, 
be called, q. cet 

Then sc, b, +r —5c, q--5c,a anda, 1s 
he right alccnlion ; or (between S and=) the 
omplement of it, Q 2 To 


To find the eAſcenſional Difference. 


Thus t. elevation + :. declination = +-5,y, 
And y, is the Aſcenſional difference, 


To find the, Oblique Aſcenſion. 


In the ſouthern fignes adde the Aſcenfional dit- 
ference to the right Aſcenſion: or in the northern 
fgnes ſubtract the lame from the right Aſcenſion, 
the ſum in Winter, and the rematner in Summer, 
1s the oblique Aſcenſion, 

That which hath been laſt ſaid concerning the 
Declination, Right Aſcenſion, Aſcenfional diffe- 
ence and oblique Aſcenſion, may be illuſtrated, 
and demonſtrated alſo out of this figure, at leaſt 
with ſome ſmall yariationr, 


= KD JE : 
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In which let h 0,be the horizon,s qzthe zquats!, 


voy 
alt 


2 26 
ppthe Axis of the World, e c the Ecliptique, ws », 
the parallel in which the Sun is at 4, 

' po the Elevation, z the points V andrf, b x, 
the necreſt diſtance from one of thole points, 

Which 1s {uppoſed given, or known,dr the de- 
clination, 

z 7 the right Aſcenſion of the Sun : or ſome- 
times the complement of it, . 

The angle  p o, is the complement of the At- 
cenftional difterence, y q the meaſure of it, © 

Therefore here in Winter y y, is the oblique 
aſcenſion, but the Sun being now ſuppoſed to be 
in 4, that is 20 degrees of Taurus, by that which 
hath been ſaid before, r2 —& }, 1s the oblique 
aſcenſion, 

All theſe may be found (enoughbeing given) 
as firſt -in the criangle 4r z right angled at, are 
given the fide dz==5 cd.the angled z r==23.32'. 
and the angle r ge d.to find the declination dr. 
Working by the Artificial fines and tangents, put 
b r, for the middle part,therefore, s. dr + radius, 
=5, 42-5, 4d z r, which reſolved inco propor- 
gionalty by the 14. of the 6. of Exclide, will be, 

Radius' 5,42" 5.dzr 5, dr or, 
Alternately, Radius' s. dzr” 5, dz/ 5,4dr *, 
the thing ſought. And the AnaJogiſme the very 
fame with that ihewed before for Euding the de- 
clination, 

Then for the right aſcenſion, zr make d = r 
the middle part, it 185, dr += Radius =re, 

| WO * nd 


And reſolved, tc. dz Rad”: 5c, dzrit,zr". 
That 1s Radius* tr. dz” 5c. dar! rt. x 


* which is the ſame Analogiſine with that before, for 


finding the right aſcenſion, 

Secondly for the aſcenfional difterence in the 
triangle x po, right angled at o, put the angle xpo, 
for the middle parr, 


Then sc, x po-FRadws =t.po-etc,xp 


WET 4p=L. 07. 

That is, Rad' 7.po' t.x y.(or br')sc., xp 0? 

Andthe complement of po, 15 x pz. 

Whoſe meaſure is  y, the aſcenſional diffe- 
xence {ought for. 

Example of all, firſt for the declination 7 d, 
put 7 d tor the nuddle part, 

Unto, s. d z 50. log. 9884254 

Adde, s. dzr, 2 35. log, g601570 


Summe 1s jp 948 5824 

And ſubtracting Radius remaines, 9485824 
| Which 1s the {ine of 17.499, for the declina- 
tion, 
Then forthe right Afcenfion 7 z, put that for 
the middle part, and | 
Unto, x. dr, 17.49. log. 9507027 
Adde, tc.dz r 66.28 log. I©0361007 


| Summe x9868034 
W hence ſubtracting Radius, remain.g$68034 
The line of 47.3 3, for r & : the right aſcenſion, 

Secondly, 


wy 4 


' Secondly, for the aſcenfional difference 'z p x, 
m the triangle x po, putting the angle x po, for 
the middle part, 
Untoe, po, 51,32. * log. 10099913 
Addeyt c. px,thattst.b r,17.49 .log.09507 027 


Summe 15 196c6940 
From which taking Raduws, reſts ©096c6940 
The Sine complement of po, or the fine of 
xÞz = 23.51". the Aſcenſional difference. 
Which being taken from 7 z, the right aſcenſion 
47 33.remamesr2 — 4} = 23.42, forthe ob- 
lique alcen{101, 


The compl:m2at of the aſcenſional diflerenc® 


is equal to the quantity of hours and parts be” 
wixt midnight and funriſing, 


NOTE. 2, 


The oalique afcenfion- of the Sunne being 
key, from the right aſcenfion in Summer, the 
refidue 15 equal to the excefle, wherevy the ſem1- 
diurnal arch is more then 6 hours : al{o the right 
alceniion taken from the oblique aſcenſion 1n 
Winter, the relt is the defect whereby the temi- 
durnal arch is lefle then 6 hours, Andthe right 
and oblique aſcenſion are neerer to #quality, as 
the Sun attaineth neer either V* or i=, 


If the place benot in the Ecliptique, but hath 
.. - | 


latt- 


| | = 
Latitude, as the aſteriſme K in the laſt 


er 
there be given that latitude dF, and the iſtance 
from the next xquino&ial point 2 , theſe with 
the right angle at d, are {uſficient to find out all, 
in manner as hath been ſhewed before. 


——_— A — 
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T Ere follow two Tables of Intereſt, whereof 

the firſt ſheweth how much 100 5, with 
_ all its increaſe by mzanes of Compound Intereſt 
at the ſeyeral rates of 5,6, 7, 8,9, and 10per, 
Cent, amounts to annually for 31 years: Theſe: 
cond ſheweth the like increaſe tor 100 [5, An- 
nuity or yearly rent, at the like rates, and forthe 
fame terme, In both which the firſt-Columneto- 
wardsthe left hand ſhews the number of years ſuc- 
ceflively to 31, the ſecond gives the increaſe to- 
gether with the Principal in intire pounds fer- 
lin ; the third hath the Numerators of the fradti- 
ons of a pound to be added to theur relpeRtive In- 
tegers, Onely an the rate for 6 per. Cent, (which 
1s now of more frequent uſe) the fractions are te- 
duced to ſhillings and pence, (ommitting lelſe 
then pence)as may eaſily be ſeen by the table, And 
the fractions in the other rates (whoſe common 
denominator is 10G00c©) may be eahily enough, 
either ſo reduced, or very neerly gueſled, by ſuch 
25 are but moderately ye;fed in Arithmetique, 
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IIO 
II5 
I21 
137 
134 


140-| 710041 
147 | 745543 
I55 |132820 
; 889461 


162 
I71 


079 


188 
197 
207 
218 
229 
240 
252 
265 
278 


292 | 
3c7 152461, 
322 | 51008 4 
338 [635588 
355 ©567367|} 
373, 345735 |} 


392 
411 


| 


| 
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At 5 pe.Cent, 
| 1os5 | c00000 


| 


| 695 062 


| 


2 | 194 


2 50000 
762500 
550625| 
628156! 
009563 


©33934 
585630 
564911 
993156 
892813 
287453 
201825, 
661g15 


329845} 
596337 
526154 


OI 3021 
613673 | 
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ZIG pe.Cent. 
107 | 000000 
I 14 | 490900D 
122 | 504300 
tended 
140 | 255173 
I501073035 
| 160 [578147 
171 | 818617 
18; | 645920 
lo; 196|715134 
IT; 210[485193} 
i.I2 225 | 219156 
13] 240984497 
14] 257853412 
275 QOZIF1'| 
{16} 295 | 216371 
| 17 3I5| 881519 
'I8] 357 | 993225 
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19] 361652750 
20) 386 1 968442, 
{211 474 056231 


22 443 ' 040167 
| 23] 4741052979 
24j 507) ) 236687 | 
25, 5421744255 | 


26 | $80] 736353 | 
27| 6211 373698 
| 6644 570071 

71T 1 410976 


611 209744 


-- 


10 
II 
I'2 
E, 
14 
I5 


16 


17 
18 
19 
20 
21 
22 
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23| 


24 , 


25 


26 | 


27 
28 
29 
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8 jp. Cent, _ 
108 | 099000 
TI6 |' 640000 
I 25 | 971200 
136 | 048894 | 
146 932807 
158 | 687431 
171 | 382355 
185 | 092943 
199 | 900378 
215 | $9240 
233 | 163800 
251 | 816904 
271 | 962256 
293 | 719236 
3171216774 
342 | 594116 
370 | ©OI645 
399 | 601776 
431 | 569818 
466 | 09540; | 
503] 383035 
5431853677; 
587 | 145971; 
634117645 
684 | 847059 | 
739 | 634823 | 
798 805608 
$62 | 716056, 
931 {725860 


1 DEF 


—_— 
——_——— 


m4 [R 
O © 20W Sad wy wi. 


— 
— 


>; iy 6s "0 0. a9. fed 8 
© © 9 Anh w 


eAt 9| p. Cent. 
109 | c000cO 
I18 
129 
141| 158161 


167 | 710016 
1$2 }$039171| 
199 | 256283} 


217| 189348 | 9 
2361736389|10 


2581042664 | 11 


281 | 266504 1 12] 


306 | 580489 | 13 


334| 7727331 14 
15 
I6 
T7 
471 1712084 [18 
514 | 166173 [19 
.560 , 441127, 20 
610] $80828$ ! 21 
22 
23! 
24 
*$ 
26 
508305 27 
\ 714052 1 28 
218317] 29 
© 


364 | 243279 
397 030624 
763380 


665 | 860103 
725 | 787513 
791, 108388, 
$62 | 308143 
9391915876 
1024 
II16 
1217 
26 


67966 


I 
2 
3 
4 
153 | 62395 | 5 
6 
7 
g 


.| At 10| p. Cent. 


—— — 


110 | 0GOOcA 
121 | 000080 
133 | 100000 
146 | 410000 
I6T | 051000 | 
177 
194 | 871710 
214 | 358881 
235 , 794769 
259 | 374246 
285 | 311671 
313|842838$| 
345 ( 227133 
379 | 749834 | 
417 | 724817 
459 | 497299 
505 | 447929 | 
555 | 991732 
61I | 590905 
672 \ 749995:|- 


749\ 024994; 


814 027493 
895 | 430243 
984 | 973266 


1083 | 4705 3 
I191 | 817652 
1310 999417 | 
1442 [99930 
1586 

I ow 


309295 | 
940225 


156100| 
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The ſecond Table for 100hi. | 
year rent, or Annuity. 
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1 ,e.14t 5p. Cent.| ye.| At 6|p.Cent. 

J 100 | 0200G0] I 1060 

2, 205 000000] 2 206 
34 315 | 250000} 3 318] 7 2| 
4| 431 675625 4 437 8] 7 
| 5 552.1©75625} $5 563{13] 6 
' | 680 | 3994061 61 Pd, gu 
| 71 $141324876|] 7] $39] 61 
s 10s 793174 569| 14] 2 
9] 1102| 793174, 9 11491 1111 
10} 1257 932832 | 10 1218] o|0 
| 1420|829473/11f 1497] 21 6 
bd 1591 | 870946 I2] 1686 19 | O 
'|Þ3 1771 | 454493 13; 1888] 3} 4 
14 | 19601937717 | 14 as! n 2 
I5| 2158|939602}|15: 2327110[17 
ad 2365 | 941582716 $i 4; © 
I'7 2484 238661 | 17 2821 j W 7 
18 | 2813 |459594'18, 3090 (10| 1 
19 | 3054 | 223123!19] 3375|18| $ 
\ | [29,5 3396|829279|20 3678, 9110 
X 21] 3572|170742|2*]| 3999) 4] 1 
22| 38501779279|22| 4339, 3; 1 
23| 4142] 318242, 23 4699 |} O 
24 | 4449| 434154 | 24| 5oBr| gf 5 
25| 4771199586125] 5486| 7} 2 
26] 5110 |5oII54 26 | 5915|10|10 
27 5466 0262I1\ 27 6370 91 6 
| 5839 al} had boa 6853 14} 
6231|293897\29| 7363'17) 3 
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Je. At "2 p. Cent. ze. | At 8|p. Cent. 
1 I 00 | I| . 100 $2 
7 | 207 2| 208 
3 321 | 4909000| 3{ 324 | 640000 
4] 4431994300] 4| 449| 611200 
5] 57519739913 5| gB5| 5800g6 
6 715 | 329074| 6 7321 426503 
7l 865401609] 71 891 |019623 
8 | IO25 1979721 | 8] 1062 | 301192 

| 9} 1197 798301 | 9 1247 285287 
Io) 1381| 644182 |10 | 1446 | 068109, 
11 | 1578 | 359274 [11 | 1661 [753557 
12| 1788, 844423|12| 1893} 693941 
13] 2014|©63532|13| 2145| 189456 
14| 2255, 047979! 14, 2416 8c4612 
I5| 2512 901337 I5] 2710 | 148980 
I6| 2788 8c4430 | 16 2026 | 960892 

oo] 3084 , 020740 & 3369 | 117769 

| 18 2299 | 902191 |18 3738 647190 

19] 3737 (953441191 4137 {738965 

[20] 4099 | 548018120} 4565, ' 758082 

'2I; 4486|516379|21| 503 - 58738 

| 22| 4900 | 572525 I 5536 | 999437 

' 23| 5343| 612601 23] 6079] 959391 

| 24j 5817 665483 24 | 6666 | 356142 

| 25 | 6324|902066| 35 | 7299 6646 33 

'26 | 6867|645210 | 7983 | 637803 
27| 7448] 330374127 8722 | 328927 

| 28| $069} 767000 | 9520|I15133 

8734 7ie90| 36 10381 | 724346 
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100 

209 

327 | 810000 

457 ; 31290C 
© 598} 471016 

7521333456 

E ad £43907 
T1102, 847379. 
1302 | 103643 
1509 | 292970 
1745 | £29337 
190977 
I | 488165 


A555 | p3jogath 


2907 | 755087 
3209 | 

3598 
4023 | 


4484 | 


' 303819 
I5C662 


GII751 
9C6809 
048420 
$82777 
692226 


5536 | 
6134| 
6787 
1497 
8272 


9117 234526| 26 10got 895226 
27 | 12092 | 084748 | 
28 | 13401 | 293222 
29 14841 422544 


9932 | 186348 
10932, 186 349 


L2016 c$3110 


9p. Cent. 
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144223116 
4987 717203} 
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20. 


21 | 
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[22 
23 
4 
25 


| 


At 10' 


p. Cent. 


I00 
210 
rd 


462 
608 
769 
946 | 
I140 
1354 
1590 
1349 
31520] 
247] 
2792 
3171; 
2588 


210000 
141000 
055100 
660600 
726600 
199200 \ 
219IO00O 
141000 


575100 


| 3ro0e 


541671 | 
695838 | 


| 


| 


210610 


4047] 565421 | 


4552 | 321925 
£107 
5718 309575 
63901 1405 32 
7129] 154585 
7942 | 070043 
8836 » 277047 
9819 | 904751 


F54159} 
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The uſe of theſe Tables is thus. 


If it be asked how much-100 /3. put forth to 
uſe comes to in 17 years, at 6 per cent, compound 
intereſt ? Look for the title of 6 per cent. at the 
top of the leafe, and in the firſt Table , then alſo 
looke down in the column cntituled Years till 
you finde the number 17, juſt oyer againſt 17, to- 


wards the right hand you ſhall finde 269 hi. 5 5. 


6d. which 1s the thing required. 

Or if it be asked how much 1006 /:, per Annum 
in rent amounts to 1n 1 3 years at 8 per cext. com- 
pound Intereſt ? Look in the ſecond Table for 
13 years, and under 8 per cent. you thall ſce 
2145 li, and 5532356 of a pound, that 1s reduced, 
2145 (i, 35. 94. and ſomething more, which 
more, being lefſe then a peny, I omit, as (in this 
caſe) not conſiderable. 


NOTE, 


Although I ſay it amounts to ſo much, yer I do 
not fay it 15 worth fo much ; for who would part 
with 2145 [5.3 5.9 d.prelently,in hope to get it up 
again in 13 ycars by 100 /5. per armum ? When 
money was at 8 per cent, a Leaſe of 21 years was 
accounted by ſome worth 9g 5 years purchaſe , by 
others worth 10 years nuctal: : ſo that 100 6, 
per dnnuns rent at the moſt, is worth but 1000 /:; 


' 


in 21 years: that 18 (by the rule of three) 6 191; 


11 4, for 13 years, 
Note 2. © 

It is alſo fit tobe known, that -proportionally 
as Money 1s lefle yalued, land is more, et contra; 
$0 that according to 10 years, purchale for Rent 
Charges or Annuities for yeaxs,when Money was 
at 8, per, Cent, the money being now at 6, per. 
Cent.the purchaſe muſt be'1 3 years 4 months rerit 
of the land, &c, xls 

So likewiſe, Money being at 8. per, (ext. land- 
for -eyer uled to be told for 20 years Rent, but 
now (it no external accident hmider) it ought to 
be ſold for 26 3. times the yearly rent thereof, _ 

For 6' 8”. 20' 264.Allo,6' 8”; 10/ j 337 And 
the like Analogiſme will ſerve being uſed in other 
rates. As if money were at 5 or 7, per, Cent. then 
5'$7. 20' 32/'.orf $87, 20/22”, 

Alſo 5' 877; 107 167, Or7' 87.10/11 45”; 
And fo of any. 

This, conſidering the largenefle and cleareneſſe 
of the Tables, is all I meanto ſay concerning that 
compound interelt which is called Dire or Pro- 
fitable, | 

There is ahother ſort of Interſt which giyes the 
yearly decreaſe of 100 /4, or any other Summe; 
And this is called Compound Intereft Rebated, or 
Damageable, 


R  Whidi 


» 44 


Which Decreaſe is orderly made by ſubtract- 
ing the Intereſt from the principall yearly , as the: 
increaſe of 160 li, in thetormer Tatles was caul- 


cd by dine the yearly intereſt, 
Fe?  *Exi#nepte 


If 1 bo give '6; then at the end of the firſt 
_ year the 2004; 15-iicrtaſed; ai1d become x08, 
and fo agzith, if i&0/give'6; Whitiob? it makes 
6 225 Whichaddets'r06, then thefaid Too 15, is 
at the end of two years hereby increaſed to 
112/425 andiothe pA Table 5s made for every 
ear, | 
g But n6w if 190 give 6, what ſhall gg give? it 
15545, whichtaken from 94, reſts 88 =, {0 
the 160 þ&, at the end ofthefirit year is decreaſed 
co 94 44, and arthe end of the ſecond to 88 32, 
But becauſe the compoſing Tables for this is 
much labour as that which hath been done alrea- 
dy, alſo for varieties fake, 1 will adde a third Ta- 
Lie(which I take out of Simon Stevens Prattical 
Arithmetick,) conſiſting of artificiall numbers, 
which wal ſerve as wel for dire(t as rebating inte- 
ret, -Aud when 1 have fhewed the way to make 
and uſe thoſe Tables, and put a few Problemes re- 
quifite and difficult, and adjoyned a Table of the 
Suns Dechnation, I mean to conclude this Trea- 


uſe, 


Here 


Here followeth the thi rd 
__: * Table 


COPPEEECUEGEY 


 * 
4. 2.x 4 


| 


© 008. Þwern 


TO 


25 


' The 
for 5.p.C. 


| 2638376 


| 5203212 


3255712 


2G | 


27 
22 


_he[23r;3 4 


"ab 


9523810 
9070295 


8227025 
7835262 
7462154 
7106813} 
6768393 
6446089 
6139132 
5846792 
5568373 


550678 
4810170 | 
45811'4 
"bogs | 
4155206 
3957339 
37683894 
3539423 
2418498 


3100678 
2953027 
2812407 
2678483 
2550936 
242940 3 


Tor 6, per. 


(ent. 
9433962 
$899964 
8296192 
7920936 
7472581 
7049695 


6650571 


6274124 
5918985 
5583948 
5267875 
4969892 


[4688290 


4423009 

4172650 
3936462 
3713043 
3593437 
3305129 
3118046 


2041554 
2775050 


26179723 
2469785 
2 329986 
2198100 
2073679 
1956301 
1845567 
1741101 


or 7, ptr. 
Cent, 


9345794 
8734387 
8162979] 
7628552 
7129862 
6663422 
6227497 
5820091 
5439337 


a. 


-2257133] 


1721956 


5083493 
[47 50928 
4440120 
4149645 
3878173 
3624461} 
3397347 
3165745] 
295864c 
276 5084 
2584191 
2415132] 


2109470 
1971467 
1942 49? 


1609305 
I 50423! 
1405629 


I 213672 


O © OJ Ora oþ ww ww 


29 


_— 


30 | 0993 


1Ce d) 


for 8.p.C. 


9259259 
8573386 
7938322 
7 359298 
6805831 
630I6gF 


| $834993 


5402688 
500248 9 


46 31934 
4288328 


| 3971H37 


3676979 
3404610 
$152417 


2502491 
2317121 
2145432 
1986557 


| 1839405 


1703153 
1576994 
1460180 


| 1352019 


I251869 
159138 
167 3276 


TT 
Cent, 


9174312 


$4156800 


7721835 
7084252: 
6499314 


5962673 


5479342 
FOI8662 


4604277 


4224107 
3875328 


3555347 
3261786 


. 2992464 
| 2745 380 
2918905 
2702690 | 


2518697 
2310731 
2119937 
1944896 
1784308 
1636980 
1oI817 
1377814 
1264050 
1159679 
1063926 


0976079 
0895485} 
O821 546: 
075 3712]. 


1798589 


Cert. 
909099 
8264463 
7513148 
6830135 
6209214 
5544749 
J131582 
4665075 
4240977 
3855434 
3504940| 
3186309 
2896645 
2633314 
2 393922 
217629 3| 
1978448 


1634081 
I 4868 7 _ 
1351506 
1223460 
1116782 
1015256 
092296 

08.3905 5) 
0762777 
0693434 
0639395 
0573086 


The conftruftion of theſe T ables, or any other 
the like is as followeth. 

Having made choiſe of ſome great Decimal] 
number, I mean, ſo it may conſiſt of all Ciphers, 
except unity towards the left hand, as in thele it 1s. 
10000900 (which ſhall be called the Radius of 
the Tables) this Radius being multiplyed by 100 
(which 15 the principall) and divided by the prin- 
cipall plzz the Intereſt , the quotient 15 the num- 
ber in the Table for the firſt year, which quotient 
being again multiplyed by 100, and the product 
divide 4 tam wh plas intereſt as before , the 
_ all be the number in the Tables for the 
ſecond year, and ſo my every years reſpective 
1umber be found, as was the {econd. 

Example in Intereſt 7 per cent. 

Firſt, 20000000 into 100 gives I ©O0000000 
which divided by 100 + 7, that 1s, by 107, the 
quotient 41s 9345794, which 15 the number an- 
{wering to de firlt year-in the Table of 7 per cent. 
For alchough there be a remain, after the diviſion, 
of 42, yet becauſe ,i43 <<; it 1s here negleRed: 
But if th remain had happened 5 > +, then 
I being added to the quotient, it 1s 9345795,and 
1s - _ neerer the thing required, 

condly,9345794 into I0o giycs 9 00 
which diyided (ll by 1 07+ quotient  Boaaeds ) 

_ andg8 remaniing {bur $25 >+ ,. therefore ad- 
ding 1 t9 rhe quotient; it 15 87343897, for the 
num-crauwering to the ſecond year un he you 

| ME OARIPD 5-02 Joys + al 


of 97 per cext, After this manner the Ta» 

hf ng \t men a , 
Uſe of the Tables. p21 

This ſhall be ſhewed in'a' few Exaniples, -» 

Example1, Intereſt.profitable. _ | 


If 190 hi. give 6 15, fox one year, whetſhall 
goo b. giye for 17 years, principal and Ingeyett ?. 


The Rule. Ga? 
Multiply the Principall by the Rading , the 


Prodaft is 5008000000 , which divide by 
3713643 (which is the number anſwering to 17 
years in the Table of 6 per cent.) the quotient 
will be 1346 z9%:: of Pounds, . Which 18 the 
juft ſum of 560 /z. with all its compound intereſt, 
at 6 per cent, for 17 years, and refleed it is 
1246 /i, 75.874. thelike way of working will 
effect any queſtion of this nature, whichexcecds 
not the Tatts intime or rates, | 


NOTE, 


It may here be noted, that zf 1346 (7.9 s. 8.4, 
were due to be received 17 years hence, 1t 1s, or 
may be called equiyalet tothe? recejving of 500 /5. 
1n hand, that 1s, fuch a reyerfion 1s worth 5 @o /;. 
10 ready money, | 

And therefore by inverſjon ofthe former Rule, 
may the Rehatemeanr, or Intereſt damageable be 
found, 2 
i **%g R 4 AZ Exe 


Example 2. Imereft damageable. 

If there ſhall be 1000 li. due at the end of 2x 
years, and money run at $ per cgnt. to be accor- 
* gingly rebared, how much 15 this worth in ready 
money ? 

| +- -—The Rule. 
In the Table for 8 per cent. finde the number an- 
ſwering to 21 years, which is 19865 57, multiply 
this by the principa), the produCt 1s 19865 57000, 


which divided by radius th: quotient 1s 19854522. . 


pounds, 

Thatis, 198 li. 13s, 13d. which is thething 
required, | 
_ Probl. 1. 

IF 1000 li, beto be paid at the end of 7 years 
and 5od li. more 2 years after that, what ſhall 
both theſe be worth, for borne till the end of 13 
years? at 6 per, Cent, 

See ( by the Rule belonging to Example 2.) 
Firſt, what cach of them is worth at the end of 
.their proper termes, | 
| The firſt 15, 665, 0571000 

The {econd 295, 9492500 
| ' Inall "$61, 0e63500 
Which is 2ll that both are worth 1n ready mo- 
ney. | 
Then ſecondly, ſecke ( as before ) what g6t, 
006 3500 li.ready money 15 worth 12 years hence, 
rebating intereſt of 6. per. Cent. It will come to 


about 478, 4778 00 L, for the thing _—_— | | 


2 
4 


2m «a> © 


Peebl. 2, | | 
Tf there be due in ready money 560 /4, which 
atthe end of 26 years will increaſe, and be 2330, 
477915 6, what 15 therate of the intereft here 2 
Take the fift part of the Number, (becauſe the 
tables are made for 100 /;,)which is 466,095 40 3. 
and inthe farlt table look for it Cain the number 
20, it will be found in the rate of 8. por. Cent. 
and{uch is the intereſt, 
Or in the thud table, 
Say,2.3 30,47701 5” 10000000''500' 2145483" 
Which laſt viz. 2145482. being looked for in 
the third table, will be tound over againſt the year 
20 under the title of $. per Cont, viick ihews a- 
ine that the rate of the intereſt is 8, per. Cent. 
And hereinthe Probleme 1s not onely cleared ; 
but the uſe of both tables exemplified, 
Prod. 3. | 
In like ſort, if the inrereſt, years, and totall in- 
creaſe be givengto find the principal, As if one re- 
ceive 1000 /?, for compound intereſt at the rate of 
10, per. (ent. for 7 years; how much was the 
principal ſumme ? | 
See in theqhird table in the rate of 10.per. (ent. 
what number an{wers to 7 years; it Will be found 
5131592,which being ſubtracted from xp000009 
there reſts 4868418, And then ſay, 486$418' 
5131582" 1000” 1054, 269428", That is,the 
principal was 1054.4. 1 5, 14, and a little more, 
which we omit, - " 
And 


% 


"And the ſame ſumwill * found if one uſe the © 


fiet Table , where the intercR of 106 /3, -fox.7 
years at 10 per cent, is 9 


941871710 ' 100” 1000 10544, 15.147, 
anda little more as before. | 
Probl. 4. 


Or the reſt being given, and the time required, 


As if there be 1000 /z,due at thz cnd of ſame years, 


and the Creditor inſtead of it takes 109 ls, ready. 


money, rebating compound interlt at $ per cent. 
at the end of what years was this at firſt payable ? 
Say 1090 ' To00000e '' 199 1009900 7, 


Whuch fourth propertionall number being (as 
S for in the third Table un- 


3 Years already done, the quott- 
Pl h £9! 


like that aga 
EE £ cn 


43871710, for then. 


'| eat wil be 322,499 1000, th 


© jt by ſome of theſe Tables, to. illuſtrate the ſs 
| of eh WAS i ' 


at 18,223 ls, 95.11 d, 
for the _—_ = | "6 

3 Andagainft x year is 9433965, which be- 
ing multiplyed like the two Auk z» the quotient 
is 235,8490500, or 235 /4, 16 s. 10d, 'for the 
third payment, | 

4 Laſtly, Muſt be the full fourth, viz. 250 /s, 
for that being not paid otherwiſe then in due 
time, ſuffers no Rebatemeut, 

Prob, 6. 

If there be a Reyerſion ofa Leaſe or Anquity of 
100 li, per Annizzand for 11 years to come at the 
end of 14 years, what is this worth in ready mo» 
ney? money being at 6 per cont. 

: Adde 11 to 14, it makes 25 years, and look 
in the ſecondTable for 6 per cext.againſt 25 years 
there ſtands 5486, 7, 2d. likewiſe againſt 14 
years iS 2101, 9, 24, the difference 1s 3384; 18, 
od, which cannot be receiyed till the end of 
25 years, Therefore in the thixd Tabſe for 6 per - 
cont, againlt 25 years,finding the borrowed num- 


. ber £329986, multiply it (as þath been lately 


ſhewed)by 3 334 l5.18 5, 0d,that isby 338434. '\ |} 
the product divided by ro000000 15789,4672624 
Thar is reduced 789 45,9 5. 4d. And fo much it 
is worth in ready money,and the Probl.is ſolved, 
eAll roſe cant be inftancid , if the queſtion 
happen to be like nome of theſe , yet the Reader by 
hs own ys rw; may (without danbt ) reſofve 
chiefly Soy end in putting aud m 


' A Table of the Suns Declination | 


2| "Sous South | South: 'North North | 
th2t ag [13 56] 3 35|o8 26|17 58 I | 
z 21 39 [13 36| 3 nn 08 48 18 I3 Tl 
3'jat 29|13 16] 2 45] 09 o9|18 2:8, 23 3 
4|21 18|12 55] 2» 24|o0g9 31118: 43] 23 4 
Fj2z o7|12 35] 2 oofog 5318 - 57123 Wy 
"6 | 20 56 [13 14, 2 37 [10 14119 - F 
71120 44!it $3],1 1311 35029 25123 yl 
8120 33 | it 3>}]} © 49|1lo $6 19. zi 23 ; 
glz2o 1911 101 o 26[1t x9] 19 SI] 23 g 
lo = 06 = 1 49] 0. 02|17 z 30 04,23 3 
it 19 53 53| 10 27 27 4 © N22 20 23 t 
tz [1s 39410 mA ® 46 | 13 +: 20 +” 23 L 
itz i1g 25409 43] = ©9 [12 38120 40|23 3h, 
14] 19 Ilo]ogezTl] L ASS. 58 = $1023 3 4 
TA 18 55 og 58| I 56 L195 p | if 
i6]|18 40]08 3 2 35 [13 _ 21 12 423 
i9118 25] 08 14] 2 43113 F56}21 23 [23 If 7 
(8118 ogJo7 51] 3 07|14 1521 33123 Mis 
i9| 7 53|c7 28] 3 30114 3411 43 |23 ls 
20|17 36107 og! 3 $3114. 523121 _$t123 Ml 
TY CL; 19 | os 4x} 4 17\15 10|22 00123 ih 
22 17 o02|cs 1g] 4 40] 15 38 (22 o8 123 Of 
T js 45105 56] 5 03!15 46;22 16123 ON, 
124 [16 27] of 32 | F 26|16 0322. 24132 99 
Ire (16 ecgofogs- 09, 5 49116 2x1 Lz "2 5 

16 [35 51,04 46| 6 12]16 38123 223 3822 4M: 
27 15 32) 04 22| 6 34116 54, "22 423 all 
8115 1403 $9; 6 $7417 TIKS So 4 22. 34}; 
29 | I4 | | 7 9 27 422 $56]22 hh 
oo] 14 3f 7 17 4323 OL | 33" 
ti14: 16] | 435 1d 123 66. 


2 | 
for the yeare 1654. ; 
Aug, \ SeptE. Ottob.\ Nove.\ Dece. ; 
Notth | North | South | Sonth 


| South 


i5 17] 4 3097 ar: 36] 


23 cs 


——— 


14 591 4 07107 32117 2123 I 
3 441097 55118 o8[|23 16 
14 22| 3 31108 17/18 24123 20 

2 58,08 39|18 40 23. 23 


18 55il23 36 


$3 [14 40 


M4 03 

13 44] 2 34] 99 Oz 
13 25| 2 11,09 _ o9 | 23 38 
13 o5| 1 48]09 46]19 24123 2g 
i2 46| 1 24|10 e38,19 38{23 30 
2 264 2 013 10 20119 Jai 33 30 


tz o8|o 37jis 51|25 of|23 32 
12 46} © 14|11 12 20 18, 31 
11 26 lk 34 ; 20 3r |23 31 


© =, co ww oo WY 4a 2 wt 


ti ol o 33111 $5,20 43, 23 29 
| Iz 36 | 21 o6 23 26] || 
12 57 | 20 17,23 23 
13 17/2! 28|23 to 
I3 37521 35) 23 19 
13 5721 48|23 13 
14 16 57 

I4 36 | 


23 os 
06 |2Z 0©3 

I4 55 

Is 


15 i\23 F8 
14 | 23 23122 52 
2.5 33 123 4 
Fi 


23 46 
_ 


2 
3 
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16 107 09 


o® | 06 46 
43106 24 


3$'22 39] | 
459 123 32. 
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26 06 
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16 


6 46117 
I7 


27 | 22 
45 122 
o2 | 23 
I9 


Fi | 22 24 
S7 q 22 16 
03 133 07 
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Poſtlcripr. 


He reafon why ih Chap. 15. I did not 
mM (as Des Cartes) continue the method to 
ſcription of ſuch eurye lines, is not only 


commodious : And akhough he faith it 1s cahie to 
finde a thouſand other ſorts of wayes, amongft 
- {which ſome might be better, yet T concerye nt 18 
eafer for any man to belieye that Des Carres ha- 
ving found one way might be allowed tofay this, 
then for that other 'men to finde any one other 
way better and eafier, And Des Carres gives 
but only one Example, which is to finde four 
Means , and omits quinquiſe&tion of angles, 
which might have been of forme uſe, whereas the 
other is but of little, | 

For the priuicipall uſe of two' Means feemsto 
be in doabling the Cube, or in making refangle 
Para ickepipeTorts remaining any proportion gi- 
ven, whoſe three dimenſions alfo ſhall be pro- 


portid nall : or the like of Sold Rhombi, or ob- 


hed 


Surſolid Problemes , is becauſe the de- 
difficult and laborious, but (as he contefferh) in- | 


l 
: 


| | 


| 
| 
| 
[ 


be (cen and handled, whereas four or more means 
e6 be {> employed require bodies of four or more 
dimenſions, of which we haye yet no fancie, _ 

Beſides, Galileo in his Book called Syftema 
Mundi (the beginning almolt) ſeems to proye 
that th2re can be bur three dimenhons in nature, 
Neyerthelefle, if any orie happen to diſcover 


the Biquadraticall Body, he may then as well de- 


monltrate that there can be but foure, 

| Andyet more, ſeeing ſome £quatiens of 6, 
dimenſions require a circle to touch or cut a curve 
line in'6 points, which cannot be done but yery 
obliquely, the method therefore here growes un- 
uſetull: and for ſeptiſe&ion, and Aquations of 8 
or more dimenſions, it will be unſufficient. 

Tf forall this, any one hatha minde to ſurſo- 
hds, his zquation, by ſome rules going before, or 
here following, muſt be reduced to this forme, 

6 — ba* h-cat— da* + faa—g aHh=0 
In which ut behoveth that the quautity called s, 
be greater then the ſquare of 2 6. 

" Inthe ſeGion 6, of the firſt Rule of Chap, 4. it 
., bs ſhewed howall the falſe roots in any #quation 
may be made true, 

Alſo in Rulethe ſecond of that Chap. it was 
ſhewed how to free the zquation from the ſecond 
term?, Thiere remaines three other Rules now of 
ſome uſe; 

Rule 


lique parallelepipedons,, all which are bodiests | 


RULE 1. 

To cauſe the known quantity of the third term 
tobe greater then the ſquare of the like in the ſe- 
cond, andalſo to change the falſe roots to true 
ones, without caufing the true ones to become 
falſc. Emncreaſe the true Roots by a quantity 


greater then any of the falſe Roots. For ture it 18 


poſſible to guelle fuch a quantity , although the 


| falſe roots be unknown, 


Example, inthe #quation 4 4 4 a= b al 
Rr dr py hay ng T | 
Put e—b= a Then it will be 

+ 0% — abe? bbee 
—2be*' -4bbee — 2bbbe 
a be? + bbee—2 bbbe+ 6 
— 3bbee+ 3bbbeb*—g5 
d-ccee—2beced-bbecs 
—— 


That 1s nds 


A 84 — 3be? 4 5bbee + ccee 
Lge Ss >. T E 
+ 26*-+bbec—dddb+ffff C 


And making 
5bb+ce=g g8&8b) +25bcc 41 —=h*® 
Andlaſtly,2 64-66 ce +f* — d* =IIl! 
Then at 1s | 


Fe*—3be) bggee— h *e 11110 


” 
: 


- In which zquation all the Roots are true by Set?. 


, the known Papeny of the third terme, being e- 
* quallto 5 bb + cc ts greater then 3 bb, which is 
the ſquare of halte the : 
cond term, - | 
I have inſtanced in an Aquation of but 4 di- 
menfions, for brevity ſake , the works true, or 
may be ſo, in thoſe of fix dimenſions, which they 
that reſolve ſurſolid Xquations will be put to, 
RULE 2. 
| If yet any term of the Aquation be wanting, 
Encreaſe the Root e never ſo little, and thereby 
all the places will be filled : As praQtile willſhew, 
| RULE 3. | 
It the Aquation have but 5 dunenſions, it muſt 
be bronght up to 6 as followeth, Let it be 
af —ba*% —dddaapfia—g=0 
In Read of it wrie ' 
oa —ba® —d' aaabHfiaa—g'a=0 
And make'e — q= a, and the thing will be 
effected which was deſired: 
| Solt between two lines oivenb & czand c>b, 
&-2£ r£quired to finde 4 meanes, putting 4 for the 
lefler” mean, the ' Aquation will. be; + af = 
== bbbb c, that is +a *=<cb4, And the places 
which are empty: may be filled up by. the' tecond 
.Rule :- and brought ro 6 dimenſions ( if yet it be 
' Notſo) by the 3d, Rule. | 


nown quantity of the ſe- 


4 


o , wh 
PDP, 


And ſecofidly, .it is manifeſt that g g, which is 


; All Equations whoſe dimenſiens are expreſ-4 


* 


ſed by odd numbers, can by no meanes be _—_ 
down to fewer dimenſions by any artifice thar 
can be uled : and for this reafon the invention of 
any eyen number of means is much harder then 
to finde an odd number of the like, ſo here where 
to finde foure meanes runs to an Aquation 
aaaaa=bbbbe, the Probleme is abſolutely 
Surſolid:but- to find five meanes 1s as eaſe almoſt, 
as to finde two, for the worke brings us to the A. 
quation 4 * = c 6* which by the 5 Chapter ma 
be brought downe to the Equation, 44 4=cd f, 
or toaaa — ddd if the epar=r be plaine, 
that is if it be c* 4 f "* otherwiſe by making 
df=—=ggit may be 444=dg ge, andthe root 
a, tound by a portion of a Parabola, as inthe caſe 
of two means, Chap. 14. 

Laftly, for quinquiſection, the Radius being 
unity, put the whole ſubtenſe 6, Theubrenſe 
of the fift part required a, Then 4a — 75 
44a 5.4 —b =o, Asis demonttrated by 
Pitiſcus, in his making the fines, Probl, 7, and 


. ſhall here need no proote, 


; It will require ſome Jabour ( as may be'ſeen by 
Chap. 15. Probl. 1.) to bring this Equation to 
the -torme required , for which purpoſe, firſt 
in ſtead of unity call Radius, r, And then 
it will be | 
af —5grra? pForrrra=5ryrrb, 
Atterward by Rule 3 ut may be done, 


. =». « 


43% 


25C Cu pn ths 


And when this 48. done, the reſidue of the * 
work, as well Conſtruction as Demonſtration, 
according to the method propoſed by Des Cartes 


may be done alſo, but the doing will be both tedi- + 
+ ousand intricate, 4 


And therefore I ſhall no further proſecute the _ 
faid Method,8 for uſe,ſeftis of angles in generall 
may be doneby the Rule of Falſe Poſitions, as the 
ſaid Piriſcaus made his Canon of Sines, Bur the 
Canon of Sines, the late Prince of. Mathemarti- 
cians Y 1 E T A, youchſafes to call The ec Mathe- 


- waticall Canon, Nevertheleſſe, if the induſtri- 


ous Reader defires more exaQneſſe (1 mean in 
Theorie) according to the former Method, or any 
other which he ſhall finde better for his purpoſe, 
he may proceed at pleaſure, | 


eA Ryle for ſquaring binomiall ſurds , which 


ſhould have been in Chap.6. pag.76. 
Mulriply the quantity to which fig 2 y be- 


© longs) into the ſquate ofthe Coefficient, and the 
; product 35 the {quare required, 


| Example in Numbers, - 
If the ſquare of 34/7 be required, multiply 7 into 
9, the product 15 63, the ſquare required, 
Or, Ifthe ſquare of 44/9 be demanded, 9 in- 


to 16 produceth 144, which 1s the ſquare de- 


manded : the like of all others. This needs no 
proof, See Page 77. And this ſhews-that all tuch 


 Swds are commenjurable.in power, 


Deo ( lorid 


